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t h e  weights  a t  a given even t  during t h e  miss ion ,  and t h e  evenc 
r o w s  c o n t a i n  t h e  weight  changes between two even t s .  Thus, thp*  
m a t r i x  r e p r e s e n t s  a t i m e  h i s t o r y  of t h e  weights  throughout  a %. 
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Numerous op t ions  are provided t o  make t h e  program f l e x i b l e  
and easy  t o  use.  These lnc lude  f a c i l i t i e s  t o  (1) se t  up t h e  
g e n e r a l  problem t o  be so lved ,  u s ing  a precompiler  ( i . e . ,  s p e c i f y  
names o f  weight  components and e v e n t s  i n  t h e  m a t r i x ) ,  ( 2 )  change 
d a t a  i n  t h e  ma t r ix  (e.g. , change an element  from known t o  unknown 

and t y p e  of data  t h a t  a r e  p r i n t e d ,  (4) c a l c u l a t e  s e n s i t i v i t i e s ,  
and (5 )  solve t h e  problem repea ted ly  w i t h  a s p e c i f i e d  parameter  
incrernented each  t i m e .  The program i s  f a s t  enough t o  provide  
immediate response when, run from a r e n o t e  te rmina l .  

~ o r  change numerical  va lues  of e lements)  , ( 3 )  modify t h e  format  
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A l a r g e  number of problems i n  a c t i v i t i e s  such as space 
v e h i c l e  s i z i n g ,  mission planning, and weight and performance 
computation r e q u i r e  t h e  s o l u t i o n  of t h e  r o c k e t  equat ion ,  

AV = ISP*G*LN(MI/MF) . 
That i s ,  t h e  change i n  v e l o c i t y  (AV) imparted t o  a space v e h i c l e  
by a propuls ion  system wi th  an e f f i c i e n c y  t h a t  i s  c h a r a c t e r i z e d  
by a given s p e c i f i c  impulse (ISP) can be expressed a s  a func t ion  
of t h e  n a t u r a l  logar i thm of t h e  r a t i o  of t h e  m a s s  of t h e  v e h i c l e  
immediately be fo re  t h e  burn ( M I )  t o  t h e  m a s s  immediately a f t e r  
t h e  burn (MF). One c h a r a c t e r i s t i c  of these problems i s  t h a t  
a l though they a r e  gene ra l ly  not  complex, t h e i r  s o l u t i o n  would 
be q u i t e  time-consuming without  t h e  a i d  of a d i g i t a l  computer. 
A s  a r e s u l t ,  numerous r e l a t i v e l y  s imple,  s p e c i a l  purpose computer 
programs have been w r i t t e n  t o  so lve  them. From t i m e  t o  t i m e  a 
qu ick ,  r e l i a b l e  s o l u t i o n  t o  such a problem i s  r equ i r ed .  Unfortu- 
n a t e l y ,  t h e  problem can be s t a t e d  i n  so many d i f f e r e n t  ways t h a t  
t h e  s p e c i a l  purpose program mus t  o f t e n  be r e w r i t t e n  t o  s u i t  t h e  
new problem. The g e n e r a l  purpose For t r an  V program desc r ibed  
h e r e i n  w a s  developed t o  minimize t h e  l i k e l i h o o d  t h a t  it w i l l  be  
necessary  t o  rewrite a program. P a r t i c u l a r  a t t e n t i o n  was pa id  
t o  keeping t h e  program f l e x i b l e  y e t  simple t o  use.  A s  a r e s u l t ,  
it i s  expected t h a t  those  w i t h  l i t t l e  o r  no computer exper ience  
w i l l  be a b l e  t o  use t h e  program. 
such t h a t  response from a remote  t e rmina l  i s  u s u a l l y  immediate. 

The speed of t he  program i s  

Subsequent s e c t i o n s  of t h i s  memorandum d i s c u s s  t h e  
gene ra l  type  of problem t h a t  can be solved wi th  t h e  program, the  
approach t h a t  w a s  t aken  i n  developing t h e  program, and t h e  fea-  
t u r e s  of t h e  program t h a t  c o n t r i b u t e  t o  i t s  f l e x i b i l i t y .  The 
appendices provide d e t a i l e d  information on t h e  ope ra t ion  of t h e  
program. A summary of t h e i r  conten ts  i s  as fol lows:  
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Appendix A U s e  of t h e  precompiler t o  g e n e r a t e  a main 
program, inc luding  an example showing t h e  
cards  requi red  t o  set up a p a r t i c u l a r  
problem. 

Appendix B U s e  of t h e  main program genera ted  by t h e  
precompiler.  Contains i l l u s t r a t i o n s  of 
most o f  t h e  commands and error messages. 

Appendix C A b r i e f  summary and l i s t i n g  of each sub- 
program. 

Appendix D A d e s c r i p t i o n  of t h e  commands t h a t  may be 
used dur ing  execut ion  of t h e  main program. 

Appendix E A l i s t ,  w i t h  no d e s c r i p t i o n ,  of t h e  accept-  
able f2lriii3 f o r  data i r i pu t  cards and comafids, 
f o r  both precompilat ion and execut ion  of  t h e  
main program. Inc ludes  a l i s t  of t h e  abbre- 
v i a t e d  forms t h a t  may be used f o r  t h e  c o m -  
mands. 

Although t h i s  o rgan iza t ion  leads t o  some r e p e t i t i o n ,  i t  o f f e r s  
t h e  advantage of providing both a s tep-by-step d e s c r i p t i o n  of 
t h e  ope ra t ion  of t h e  program and convenient  l i s ts  of commands 
f o r  qu ick  r e fe rence .  

Statement  of t h e  Problem 

I n  t h e  type of problem under c o n s i d e r a t i o n ,  some com- 
ponent  of t h e  weight of a space v e h i c l e  ( o r  a d e l t a  v e l o c i t y  o r  
s p e c i f i c  impulse) a t  some event ,  o r  p o i n t  i n  t i m e ,  dur ing  t h e  
mission i s  t o  be c a l c u l a t e d .  T h i s  can be expanded i n t o  a more 
g e n e r a l  problem of determining a weight  h i s t o r y  c o n s i s t i n g  of 
t h e  t o t a l  space v e h i c l e  weight and t h e  components of t h e  t o t a l ,  
each s p e c i f i e d  a t  a number of p o i n t s  during t h e  mission.  For 
convenience,  such d a t a  can  be organized i n  a ma t r ix  i n  which 
columns are provided f o r  the d e l t a  v e l o c i t y ,  t h e  s p e c i f i c  i m -  
p u l s e ,  t h e  t o t a l  weight ,  and t h e  weight components. Odd numbered 
rows can then  r e p r e s e n t  t h e  s t a t u s  a t  a p a r t i c u l a r  e v e n t ,  whi le  
t h e  even numbered rows can  i n d i c a t e  t h e  changes i n  weight  between 
two even t s .  Such a mat r ix ,  based on t h e  Apollo l u n a r  module, 
i s  shown i n  Table 1. This matr ix  con ta ins  a t i m e  h i s t o r y  of  t h e  
t o t a l  LM weight  and fou r  of i t s  components ( a s c e n t  and descen t  
s t a g e  weights ,  and APS and DPS p r o p e l l a n t  w e i g h t s ) .  

T o  s o l v e  t h i s  genera l  problem, t h e  u s e r  should be a b l e  
t o  a s s i g n  d e s i r e d  va lues  t o  each of t h e  elements i n  t h e  ma t r ix ,  
w i t h  t h e  o p t i o n  t o  d e s i g n a t e  any of t h e  elements as unknowns t o  
be c a l c u l a t e d  by t h e  program. Of course ,  t h i s  should be accom- 
p l i s h e d  wi thou t  t he  n e c e s s i t y  of changing or  r e w r i t i n g  t h e  program. , 
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Approach 

The program descr ibed h e r e i n  was designed t o  s o l v e  
t h e  g e n e r a l  problem o u t l i n e d  above. T h e  f i r s t  t i m e  a p a r t i -  
c u l a r  problem is  t o  be solved,  t h e  u s e r  must s p e c i f y  t o  t h e  
precompiler  t h e  names of the columns and rows of t h e  ma t r ix ,  
as w e l l  a s  a set  of i n i t i a l  condi t ions  f o r  t h e  elements of 
t h e  matrix.  
or des igna ted  as an unknown. The precompiler u ses  t h e s e  d a t a  
t o  gene ra t e  a main program which can subsequent ly  be used 
r e p e a t e d l y  t o  so lve  problems us ing  t h i s  same b a s i c  ma t r ix  
w i t h  d i f f e r e n t  values for  t n e  elements.  'The precompiler  i s  
needed aga in  only i f  t h e  number of  rows and columns o r  t h e i r  
names are t o  be changed. 

Each element i s  e i t h e r  given a numerical  va lue  

During execut ion of t h e  main program, t h e  ma t r ix  
de f ined  above is examined and an a t tempt  i s  made t o  f i n d  va lues  
f o r  t h e  elements t h a t  have been des igna ted  as unknown. T o  under- 
s t a n d  t h e  procedure used,  cons ider  t h e  diagram i n  F igure  1, 
which r e p r e s e n t s  w h a t  occurs  between two even t s .  A t  Event A ,  t h e  
t o t a l  weight ( o r  mass) of t h e  v e h i c l e  is  M I .  I f  a rocke t  engine ,  
whose e f f i c i e n c y  i s  cha rac t e r i zed  by a s p e c i f i c  impulse ( ISP)  , 
i s  f i r e d  and burns a p rope l l an t  mass ( M I ? ) ,  a d e l t a  v e l o c i t y  (AV) 
i s  imparted t o  t h e  veh ic l e .  I f  o t h e r  consumable i t e m s  (MC) such 
as oxygen, w a t e r ,  a b l a t i v e  m a t e r i a l ,  e tc .  a r e  expended be fo re  
Event B ,  then t h e  f i n a l  mass (MF), or  t h e  mass a t  Event B ,  i s  
g iven  by 

(1) M F  = M I  - M P  - MC . 
The r e l a t i o n s h i p  between t h e  AV, t h e  I S P ,  and the  masses i s  given 
by t h e  r o c k e t  equa t ion ,  

AV = ISP*G*LN ( M I /  ( M I - M P )  ) (2 1 

where G i s  t h e  a c c e l e r a t i o n  due t o  g r a v i t y ,  and 
LN(X) i s  t h e  n a t u r a l  logari thm of X. 

t This  form of the  equat ion a p p l i e s  when t h e  consumable 
i t e m s  are assumed t o  be used d i s c r e t e l y  a f t e r  t h e  burn i s  
completed. The program a l s o  con ta ins  a modified form based 
on t h e  assumption t h a t  t he  consumable i t e m s  a r e  used l i n e a r l y  
du r ing  t h e  burn. 
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EVENT A 

INITIAL MASS = MI 
D 

APPLICATION OF ROCKET EQUATION 

DELTA VELOCITY = AV . 
SPEC1 FIC IMPULSE = ISP 

PROPELLANT MASS = MP 

CONSUMABLES MASS = MC 

EVENT B 

FINAL MASS = MF 

FIGURE 1 

Now cons ide r  t h e  o the r  weights  associated w i t h  t h e s e  
two e v e n t s  as o u t l i n e d  below i n  an abbrev ia t ed  mat r ix .  

COLI C0L2 C0L3 C0L4 . . . .C0Ln 

EVENT A M A n  M A l  MA2 MA3 MA4 . . . 
'n A 4  . . . .  *l A 2  A 3  

%1 %2 MB 3 % 4 - =  %n EVENT B 

The n ' t h  column (COL,) con ta ins  t h e  t o t a l  weight of 
t h e  v e h i c l e ,  and columns 1 through n-1 con ta in  t h e  component 
weights .  (The columns for AV and ISP are omi t ted  here f o r  
c l a r i t y . )  The fo l lowing  equat ions must be s a t i s f i e d .  

n- 1 

M A i  M I  = MAn = 

i=l 
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where p i d e n t i f i e s  t h e  column (weight component) t h a t  i s  t o  be 
used f o r  p r o p e l l a n t  f o r  t h i s  burn. 

f o r  k = 1 , 2  . . . . n %k = MAk+Ak 

M F = M  Bn . ( 7 )  

Equations (1) through ( 7 )  must be s a t i s f i e d  for each 
set  c o n s i s t i n g  of an event ,  a cjroiip Gf weight  changes, and a 
subsequent  eT.'ent. The procedure used i n  t h e  program i s  as fo l lows .  
F i r s t ,  t h e  f i r s t  p a i r  of events  i n  t h e  ma t r ix  i s  examined t o  
determine if enough d a t a  a r e  s p e c i f i e d  t o  allow s o l u t i o n  of t h e  
r o c k e t  equat ion .  If so ,  t h e  appropr i a t e  unknowns a r e  c a l c u l a t e d .  
Then the  elements  of Event A a r e  examined t c  see i f  equa t ion  ( 3 )  
can be s a t i s f i e d .  Again, if p o s s i b l e ,  a d d i t i o n a l  b lanks  are 
f i l l e d  i n  ( i . e . ,  a d d i t i o n a l  unknowns a r e  c a l c u l a t e d  - unknowns 
a r e  r ep resen ted  by blanks i n  the  program). Next an a t t empt  i s  
made t o  s a t i s f y  equat ion  (4), and f i n a l l y ,  equat ions  ( 6 ) ,  each 
t i m e  f i l l i n g  i n  as many blanks as p o s s i b l e .  The same sequence 
i s  then  followed wi th  the  nex t  and a l l  o t h e r  p a i r s  of e v e n t s ,  
working from t h e  t o p  t o  t h e  bottom of  t h e  mat r ix .  When t h e  
ma t r ix  has been examined i n  t h i s  rr.anner, t h e  number o f  blanks 
l e f t  i s  determined, and i f  t h e r e  are fewer b lanks  now than when 
t h e  a n a l y s i s  began, a l l  of these  s t e p s  a r e  repea ted .  This e n t i r e  
process  i s  repeateci u n t i l  t h e r e  are no b l anks ,  o r  u n t i l  t h e  number 
of b l anks  can no lonqer  be reduced by t h i s  procedure.  I n  t h e  
former case, a complete s o l u t i o n  has  been obta ined .  I n  t h e  l a t t e r  
case  it may be t h a t  i n s u f f i c i e n t  d a t a  were s p e c i f i e d ;  hcwevcr, i t  
i s  a l so  p o s s i b l e  t h a t  t h e  problem i s  one of a c l a s s  t h a t  cannot 
be completely so lved  by t h e  above approach. Therefore ,  be fo re  
g i v i n g  up, a t e s t  i s  made t o  determine whether s u f f i c i e n t  dats. 
w e r e  s p e c i f i e d .  I f  i n s u f f i c i e n t  d a t a  w e r e  provided,  an e r r o r  
message i s  p r i n t e d  and t h e  program i s  ready f o r  new d a t a  o r  coxrmands. 
I f  t h e  d a t a  provided w e r e  s u f f i c i e n t ,  t h e  program a t t empt s  t o  con- 
p l e t e  t h e  s o l u t i o n  by an i t e r a t i o n  procedure.  Cne of  the known 
elements  i s  chosen a s  a comparison o r  t a r g e t  v a r i a b l e ,  end one 
of  t h e  unknowns i s  assigned var ious  va lues  i n  an  a t tempt  t o  deter- 
mine a va lue  t h a t  w i l l  s a t i s f y  t h e  equat ions  f o r  t h e  e n t i r e  ma t r ix  
and match t h e  t a r g e t  v a r i a b l e .  I f  necessa ry ,  t h i s  i s  t r i e d  f o r  
many combinations of i t e r a t i n g  and t a r g e t  v a r i a b l e s ,  u n t i l  a 
s o l u t i o n  i s  found and p r in t ed .  The program i s  t h e n  ready f o r  
new d a t a  o r  commands. 

F le x i b  i 1 i t y  

A primary goa l  when development of t h i s  program was 
begun was t o  provide a c a p a b i l i t y  €or so lv ing  a w i d e  v a r i e t y  
of problems wi thout  t h e  necess i ty  of program changes. O n  a 
g r o s s  scale ,  t h i s  w a s  accomplished by means of t h e  precompiler  
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mentioned i n  t h e  prev ious  s e c t i o n .  The precompiler  permi ts  
t h e  use r  t o  s p e c i f y  t h e  o v e r a l l  o rgan iza t ion  of t h e  program, 
i .e.  I t h e  number of weight  components and events  t o  be con- 
s i d e r e d ,  t h e  names of t h e  components and e v e n t s ,  and i n i t i a l  
va lues  f o r  a l l  v a r i a b l e s .  On a smaller scale, t h e  u s e r  should 
be a b l e  t o  e a s i l y  s p e c i f y  any combination of knowns and un- 
knowns i n  t h e  mat r ix .  The method for  accomplishing t h i s  by 
i n p u t t i n g  d a t a  t o  t h e  program i s  d i scussed  i n  d e t a i l  i n  t h e  
appendices , b u t  some of t h e  most important  c h a r a c t e r i s t i c s  
are desc r ibed  here .  

A l l  80 columns of a ca rd  ( o r  a l i n e  typed on a remote 
t e r m i n a l )  a r e  read  by t h e  program. However, except  i n  a f e w  
s p e c i a l  cases  such as i n  headings or  t i t l e s ,  a l l  blanks are 
ignored.  Thus, c h a r a c t e r s  may be spaced on a ca rd  i n  any 
convenient  manner. N u m b e r s  may be s p e c i f i e d  as i n t e g e r s  o r  
f i o a t i n g  p o i n t  cons tan ts .  

An element i n  t h e  mat r ix  can be changed by f i r s t  
submi t t i ng  a ca rd  con ta in ing  only t h e  name of t h e  even t  i n  
which it appears .  This te l ls  t h e  program t h a t  subsequent  
c a r d s  con ta in  d a t a  p e r t a i n i n g  t o  t h a t  event .  The nex t  ca rd  
i s  o f  t h e  form 

NAME=NUMBER 

where NAME is  t h e  name of t h e  column i n  which t h e  element appears ,  
and NUMBER i s  t h e  new d e s i r e d  va lue  f o r  t h e  element.  I f  it i s  
d e s i r e d  t o  make t h e  element an unknown, t h e  ca rd  con ta ins  only 
t h e  column name, w i thou t  "=NUMBER." I f  an element i n  t h e  row 
fo l lowing  t h i s  p a r t i c u l a r  event  ( i . e . ,  t h e  r o w  of weight changes) 
i s  t o  be changed, t h e  same procedure i s  used except  t h e  column 
name i s  preceded by a 'ID" ( f o r  d e l t a ) .  Other elements of t h e  
s a m e  event  may be changed without  submi t t ing  a new'event card .  
T h e  same method i s  used w i t h  t h e  precompiler t o  set  up t h e  i n i t i a l  
va lues  i n  t h e  ma t r ix ,  except  i n  t h i s  case a l l  e lements  are set  t o  
zero un le s s  i n p u t  a3 a cons tan t  o r  s p e c i f i e d  as unknown. 

Thus, a t y p i c a l  flow of d a t a  might be as fo l lows:  

DSCNT 
ASC= 5 0 0 0 
APS 
DLM 
ISP=301.5 

This  would r e s u l t  i n  s e t t i n g  t h e  ASC weight  a t  t h e  event  DSCNT 
e q u a l  t o  5 0 0 0 ,  making t h e  APS weight  and t h e  change t o  t h e  LM 
weight  f o r  t h i s  even t  unknowns, and s e t t i n g  t h e  I S P  f o r  t h i s  
burn equa l  t o  301.5. The s o l u t i o n  t o  t h e  problem, wi th  t h i s  
r e v i s e d  d a t a ,  can then  be obtained by submi t t ing  a s i n g l e  card 
w i t h  t h e  word LAST. 
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Severa l  a d d i t i o n a l  f e a t u r e s  have been inc luded  which 
s i g n i f i c a n t l y  i n c r e a s e  t h e  f l e x i b i l i t y  of t h e  program. 
i s  a b r i e f  summary of t h e s e  f e a t u r e s .  D e t a i l s  on t h e i r  u se  are 
contained i n  t h e  appendices.  

Following 

Perhaps t h e  m o s t  important of  t h e s e  is  a se t  of p r i n t  
commands t h a t  g i v e s  t h e  u s e r  some c o n t r o l  over  the  p r i n t o u t .  
These are p a r t i c u l a r l y  use fu l  when us ing  a remote t e rmina l ,  f o r  
they  a l l o w  t h e  u s e r  t o  e l i m i n a t e  s o m e  unwanted d a t a  and g e t  a 
qu icke r  answer. Some of t h e  p r i n t  commands are a l s o  h e l p f u l  f o r  
f i n d i n g  errors i n  t h e  i n p u t  da ta .  I n  a d d i t i o n ,  headings or  
t i t l e s  may be s p e c i f i e d  t o  c l e a r l y  i d e n t i f y  t h e  cond i t ions  f o r  
each run. 

S e n s i t i v i t i e s ,  or p a r t i a l  d e r i v a t i v e s ,  of c e r t a i n  
v a r i a b l e s  w i t h  r e s p e c t  t o  o the r s  a r e  o f t e n  r equ i r ed .  Calcula-  
tion of s e n s i t i v i t i e s  i s  s i m p l i f i e d  by t h e  SENS commands. 
t h e s e  commands, a p a r t i c u l a r  element of t h e  ma t r ix  i s  des igna ted .  
Then, a s i n g l e  command r e s u l t s  i n  t h e  c a l c u l a t i o n  and p r i n t i n g  
of t h e  s e n s i t i v i t y  of each element i n  t h e  ma t r ix  wi th  r e s p e c t  t o  
t h e  des igna ted  element. 

Using 

I t  i s  o f t e n  necessary t o  p l o t  one o r  more of t h e  v a r i -  
ables as a func t ion  of another.  One might o b t a i n  t h e  necessary  
d a t a  f o r  t h i s  by running the  program s e v e r a l  t i m e s ,  each t i m e  
i n p u t t i n g  a new va lue  of t h e  d e s i r e d  v a r i a b l e .  A much f a s t e r  
way i s  t o  use  t h e  STEP commands, which allow t h e  u s e r  t o  des ig-  
n a t e  a p a r t i c u l a r  v a r i a b l e  t o  be "s tepped ,"  or incremented, 
t h e  amount of  t he  increment ,  and t h e  number of s t e p s .  Then, 
a s i n g l e  command r e s u l t s  i n  t h e  c a l c u l a t i o n  and p r i n t i n g  of 
a l l  of t h e  d e s i r e d  d a t a .  

Each i n p u t  card  i s  examined i n  d e t a i l  t o  determine i f  
t h e  d a t a  o r  command it conta ins  i s  i n  t h e  c o r r e c t  format.  T h i s  
is  done i n  o r d e r  t o  minimize t h e  p o s s i b i l i t y  of u n i n t e n t i o n a l l y  
des t roy ing  p rev ious ly  s p e c i f i e d  informat ion  wi th  an erroneous 
new inpu t .  When an e r r o r  i s  d e t e c t e d ,  a message i s  p r i n t e d ,  
u s u a l l y  wi th  enough information t o  r e a d i l y  i d e n t i f y  t h e  e r r o r .  

When a u s e r  becomes p r o f i c i e n t  a t  u s ing  t h e  program, 
even a s h o r t  command can seem long. I n  order t o  minimize t h e  
amount of t i m e  s p e n t  typ ing  o r  punching c a r d s ,  abb rev ia t ed  
one- o r  t w o - l e t t e r  equ iva len t s  have been provided f o r  m o s t  
commands. For example, the word P R I N T  may be r ep laced  by t h e  
l e t t e r  P. 

The r e a d e r  i s  r e f e r r e d  t o  t he  examples a t  t h e  end of 
Appendix B f o r  t y p i c a l  runs i l l u s t r a t i n g  these f e a t u r e s .  The 
examples are d i scussed  i n  some d e t a i l  i n  t h e  body of  Appendix B.  
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APPENDIX A 

USE O F  PREXOMPILER 

U s e  of t h e  precompiler t o  gene ra t e  a main program 
i s  i l l u s t r a t e d  i n  t h i s  appendix. The example used i s  t h e  
one p resen ted  ear l ie r ,  a t y p i c a l  mission f o r  t h e  luna r  module. 
N o t e  t h a t  fo r  b r e v i t y  and c l a r i t y  t h e  mission and t h e  number 
of  weight components have been abbrevia ted .  Standard system 
commands f o r  t h e  Univac 1 1 0 8  a re  shown where r e q u i r e d ,  b u t  
t h e  r e a d e r  i s  r e f e r r e d  t o  t h e  Exec 8 User's Manual f o r  an 
exp lana t ion  of t h e i r  use.  A l l  of  t h e  precompiler  commands 
and d a t a  r equ i r ed  t o  gene ra t e  a main program, c a l l e d  LM, are 
shown a t  t h e  end of t h i s  appendix.t A d e t a i l 4  d e s c r i p t i o n  of  
these commands fo l lows .  

A f t e r  t h e  u s u a l  system commands (RUN, ASG, e tc . )  , 
t h e  

card- t t  causes  execut ion  of t he  a b s o l u t e  element WAP*WAP.PRE 
t o  begin.  This  abso lu t e  element w a s  p rev ious ly  formed from 
t h e  F o r t r a n  program PRECPL. Unless mod i f i ca t ions  t o  t h e  
precompiler  are d e s i r e d ,  it i s  unnecessary t o  gene ra t e  a new 
a b s o l u t e  element.  ttt 

+ The examples given i n  t h i s  appendix and Appendix B 
w e r e  run from a remote te rmina l .  Those n o t  f a m i l i a r  w i th  t h e  
ope ra t ion  of t h e  remote te rmina ls  should no te  t h a t  t h e  l i n e s  
typed by t h e  u s e r  are i n  lower c a s e  let ters ( r e d  on t h e  o r i g i n a l )  
whi le  t h e  computer response i s  i n  upper case  (b l ack )  let ters.  
I n  t h e  body of t h e s e  appendices,  ca rd  images are shown i n  upper 
case letters a s  they  would appear on a key-punched card.  

t-t Throughout t h i s  memorandum, t h e  t e r m  "card" r e f e r s  
t o  a ca rd  image. I t  may be e i t h e r  an a c t u a l  ca rd  or  a l i n e  
typed a t  a remote te rmina l .  

f t t  If modi f ica t ions  are  t o  be made t o  t h e  precompiler ,  
a new a b s o l u t e  element must be genera ted  by r e p l a c i n g  t h e  
@XQT WAP*WAP.PRE s ta tement  with cards  of t h e  fol lowing type :  

@F@R WAP*WAP.PRECPL,PRECPL 
----- edit deck ----- 

@MAP, I X,QUALIFIER*FILE . PRE 

I N  PRECPL 

@XQT QUALIFIER*FILE.PRE 



, 
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The ca rds  fol lowing the  XQT card  are used t o  set  up 
t h e  ma t r ix  t o  be used i n  t h e  main program LM. This i nc ludes  
t h e  s p e c i f i c a t i o n  of t h e  names of t h e  columns and e v e n t s ,  and 
t h e  assignment of i n i t i a l  values t o  each of t h e  elements of 
t h e  matr ix .  A l l  e i g h t y  columns of  each c a r d  are read by the  
precompiler.  Blanks a r e  squeezed o u t ,  except  i n  f i e l d s  de- 
l i m i t e d  by a s t e r i s k s  (*)  or d o l l a r  s i g n s ( $ ) .  The choice i s  
t h e  u s e r ' s  and i s  i n d i c a t e d  f o r  each i n d i v i d u a l  ca rd  by which 
of t h e  t w o  c h a r a c t e r s  occurs  f i r s t  on t h e  card.  Once e i t h e r  
does occur ,  t h e  o t h e r  l o s e s  i t s  s i g n i f i c a n c e  a s  a d e l i m i t e r ,  
so t h a t  such a de l imi t ed  f i e l d  s t a r t e d  by one of t h e s e  two 
c h a r a c t e r s  mst Se c losed  by t h a t  sane c h a r a c t e r i  I n  the d i s -  
cuss ion  t h a t  f o l l o w s  a s t e r i s k s  w i l l  be  used,  b u t  d o l l a r  s i g n s  
w i l l  s e r v e  t h e  s a m e  purpose. 

T h e  se t  of ca rds  read by the precompiler c o n s i s t s  
of t w o  s e c t i o n s ,  a column s p e c i f i c a t i o n s  s e c t i o n  and an event  
s p e c i f i c a t i o n s  s e c t i o n .  Each s e c t i o n  i s  r e q u i r e d ,  and the  
e n t i r e  column s p e c i f i c a t i o n s  s e c t i o n  must precede t h e  event  
s p e c i f i c a t i o n s  s e c t i o n .  

The column s p e c i f i c a t i o n s  s ec t ion  i s  simply a series 
of c a r d s ,  each of which s p e c i f i e s  a component weight column. 
I n  i t s  f u l l e s t  form a column s p e c i f i c a t i o n  ca rd  i s  of t h e  form 

CNAME*~NE/TW~/THREE/* . 
CNAME s p e c i f i e s  t h e  name of t h e  column. Rules governing t h e  
choice  ;>f 

1. 

2.  

3 .  

4. 

5. 

CNAME a r e  a s  follows: 

CNAME must have one t o  s i x  c h a r a c t e r s .  

The characters =, *, and $ a r e  n o t  allowed. 

No two column names may have t h e  same f i r s t  f i v e  
c h a r a c t e r s .  

No two column names may be such t h a t  one can be formed 
from t h e  o t h e r  by p re f ix ing  t h e  le t ter  D and ,  i f  
necessary ,  dropping t h e  l a s t  c h a r a c t e r  t o  maintain 
t h e  s i x  c h a r a c t e r  l i m i t .  

The fol lowing words may n o t  be s p e c i f i e d  a s  column 
names: DDDDDD, DELETE, DELTAV, D I S C R E ,  DV, ELTAV, 
END,  EVENT, HDG, I ,  ISCRE,  I S P ,  LAST, LINEAR,  RESTAR, 
STOP, V ,  and any s i x  c h a r a c t e r  word beginning wi th  
ELTAV, ' EVENT, or ISCRE. 
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I n  m o s t  cases, v i o l a t i o n  of one of t h e s e  r u l e s  l e a d s  t o  an 
error  message i n d i c a t i n g  t h a t  t h e  s p e c i f i e d  word i s  i l l e g a l  
and the ca rd  has  been ignored. However, i n  a few cases, t h e  
ca rd  w i l l  be i n t e r p r e t e d  as another  type of command and t h e  
program w i l l  proceed accordingly.  For example, i f  an a t tempt  
i s  made t o  use  t h e  word STgP as a column name, t h e  program 
w i l l  i n t e r p r e t  t h e s e  f o u r  c h a r a c t e r s  a s  a STgP command and 
t e rmina te  t h e  execut ion ( t h e  STgP command w i l l  be d i scussed  
l a t e r ) .  

The f i e l d  *@NE/TW@/THREE* s p e c i f i e s  t h e  heading t o  
be  p r i n t e d  above t h i s  p a r t i c u l a r  column when a p r i n t o u t  i s  
u l t i m a t e l y  genera ted  by t h e  program being c r e a t e d . ?  Up t o  
t h r e e  l i n e s  of n i n e  c h a r a c t e r s  each are allowed f o r  t h i s  
heading,  w i th  each l i n e  be ing  s p e c i f i e d  by a s u b f i e l d  of  
up t o  n i n e  c h a r a c t e r s ,  and w i t h  a s l a s h  ( / )  s e p a r a t i n g  one 

s u b f i e l d s  of up t o  n ine  cha rac t e r s .  Such s u b f i e l d s  w i l l  be  
p r i n t e d ,  one p e r  l i n e  and l e f t - j u s t i f i e d ,  i n  a n ine -cha rac t e r  
f i e l d  cen te red  above t h e  column. The f i e l d  *gNE/TWp/THREE* 

--_*- line frnm ----._ t h e  --_- n e u t .  ------_ T ~ I I ~  g N E i  TWg, z_n_d THREE here represen+_ 

may have 
omi t t ed  , 
nonblank 
t h e r e  i s  
omi t ted  . 
Appendix 

an abbrevia ted  form: any blank s u b f i e l d  may be 
and any s l a s h  may be omi t ted  t h a t  does n o t  have a 
s u b f i e l d  between it and t h e  f i n a l  d e l i m i t e r ;  i f  
nothing between t h e  d e l i m i t e r s ,  t hey ,  t oo ,  may be 

Examples of t h e  abbrevia ted  forms are given i n  
E. 

There must be a t  l e a s t  t h r e e  and no m o r e  than t e n  
columns s p e c i f i e d  i n  t h e  column s p e c i f i c a t i o n s  s e c t i o n .  I f  
more than  f i v e  columns are s p e c i f i e d  (seven i f  on ly  t h e  abbre- 
v i a t e d  headings are p r i n t e d ) ,  t h e  p r i n t o u t  a t  a remote t e rmina l  
w i l l  be  jumbled un le s s  one of t h e  PRINT op t ions  i s  used t o  
dec rease  t h e  number of columns p r i n t e d .  See Appendices B and 
D. The l a s t  column s p e c i f i e d  always r e p r e s e n t s  t h e  sum o f  the 
o t h e r  columns. 

I n  t h e  LM example, the column s p e c i f i c a t i o n s  s e c t i o n  
c o n s i s t s  of t h e  f i rs t  f i v e  cards  a f t e r  the XQT command. They 
s p e c i f y  t h e  columns named ASC, APS, DSC, DPS, and LM. 

f Note t h a t  a PRINT opt ion allows t h e  u s e r  t o  s p e c i f y  
whether t h e  p r i n t e d  r e s u l t s  w i l l  con ta in  t h i s  heading or  an 
abbrev ia t ed  form us ing  only  t h e  word CNAME. See Appendices 
B and D. 
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The even t  s p e c i f i c a t i o n s  s e c t i o n  begins  wi th  t h e  
f i r s t  ca rd  a f t e r  t h e  column s p e c i f i c a t i o n s  s e c t i o n ,  an even t  
s p e c i f i c a t i o n  card .  This  card s p e c i f i e s  an even t  i n  t h e  
weight h i s t o r y  be ing  set  up,  and i n  i t s  f u l l e s t  form i s  

EVENT ENAME*HEADING*CNAME. 

The word EVENT i d e n t i f i e s  t h i s  card  as an  event  s p e c i f i c a t i o n  
card .  ENAME s p e c i f i e s  t h e  name of t h e  event .  Rules governing 
t h e  choice  of ENAME are as follows: 

1. 

2. 

3 .  

4 .  

5. 

ENAME m u s t  have one t o  s i x  c h a r a c t e r s .  

The c h a r a c t e r s  =, *, and $ are n o t  allowed. 

N o  t w o  e v e n t s  may have t h e  s a m e  name. 

An e v e n t  name m a y  n o t  be ideii t ieal  t o  a mlairii 
name, o r  a name formed by p r e f i x i n g  t h e  l e t t e r  
D t o  a column name, dropping t h e  l a s t  c h a r a c t e r ,  
if necessa ry ,  t o  maintain the  six c h a r a c t e r  l i m i t .  

The fol lowing words may n o t  be s p e c i f i e d  a s  event  
names: DELTAV, D I S C R E ,  DV, END,  HDG,  I ,  I S P ,  LAST, 
LINEAR, RESTAR, STP)P, V.  

A s  i s  t h e  case w i t h  column names, v i o l a t i o n  of t h e s e  r u l e s  
g e n e r a l l y  l eads  t o  an e r r o r  message i n d i c a t i n g  t h a t  t h e  card 
i s  i l l e g a l  and has  been ignored. 

The f i e l d  *HEADING* s p e c i f i e s  t h e  i d e n t i f i c a t i o n  l i n e  
t o  be  p r i n t e d  f o r  t h i s  p a r t i c u l a r  even t  i n  t h e  p r i n t o u t s  t o  be 
genera ted  by t h e  program now being c rea t ed . ?  Up t o  twenty-eight 
c h a r a c t e r s  a r e  allowed i n  t h i s  f i e l d ,  and t h e  only  i l l e g a l  
c h a r a c t e r  i s  t h e  c h a r a c t e r  being used as d e l i m i t e r s  ( *  or  $ ) .  
Slashes  have no s p e c i a l  s i g n i f i c a n c e .  I f  t h e  f i e l d  i s  t o  be 
b l ank ,  no th ing  i s  r equ i r ed  between t h e  d e l i m i t e r s .  I n  t h e  
p r i n t o u t  t o  be genera ted  t h i s  f i e l d  w i l l  be  p r i n t e d  t o  t h e  
extreme l e f t  on t h e  same l i n e  as t h e  i n i t i a l  d a t a  f o r  t h i s  event .  

CNAME i s  used t o  spec i fy  t h a t  t h e r e  is  t o  be a burn 
a t  t h i s  e v e n t  and t h a t  the  propellant f o r  t n e  burn w i l l  come from 
t h e  column named CNAME. Obviously, CNAME must be one of t h e  
column names a l r eady  s p e c i f i e d ,  bu t  it cannot be t h e  l a s t  one. 

f A s  i s  the  case w i t h  t h e  column headings,  a P R I N T  
op t ion  al lows t h e  use r  t o  spec i fy  t h a t  the p r i n t e d  r e s u l t s  
w i l l  conta in  an abbrevia ted  i d e n t i f i c a t i o n  l i n e  us ing  only 
t h e  word ENAME. The subheading, d i scussed  l a t e r ,  would a l s o  
be omit ted.  See Appendix D.  
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I f  t h e r e  i s  t o  be no burn t h i s  even t ,  t h i s  f i e l d  must be blank. 
I f  t h e  f i e l d  i s  blank and the heading f i e l d  s p e c i f i e d  by HEADING 
is also t o  be b lank ,  t hen  no  d e l i m i t e r s  are requ i r ed  - i . e . ,  
EVENT ENAME i s  e q u i v a l e n t  t o  EVENT ENAME**. 

A l l  t h e  c a r d s  between one even t  s p e c i f i c a t i o n  ca rd  
and the nex t  even t  s p e c i f i c a t i o n  ca rd  provide informat ion  per- 
t a i n i n g  t o  t h e  f i r s t  of t h e  two events .  Among t h e s e  cards  there 
may be up t o  t h r e e  ca rds  of t h e  form 

*SUBHEADING*. 

Each of t h e s e  ca rds  s p e c i f i e s  f o r  t h i s  even t  a subheading o f  
up t o  twenty-six c h a r a c t e r s  t h e  s a m e  way t h e  *HEADING* f i e l d  
of t h e  event  s p e c i f i c a t i o n  card s p e c i f i e s  an i d e n t i f i c a t i o n  
l i n e .  The subheadings a r e  set up t o  be p r i n t e d  o u t  i n  t h e  o r d e r  
in .-I. 

blank and no subheading s p e c i f i c a t i o n  ca rds  f o r  t h e  c u r r e n t  
e v e n t  are t o  fo l low,  then t h a t  subheading s p e c i f i c a t i o n  ca rd  
may be  omit ted.  But i f  subheading s p e c i f i c a t i o n  ca rds  are t o  
fo l low,  then  a t  l eas t  t h e  d e l i m i t e r s  must appear on t h a t  ca rd ,  
f o r  t h e  precompiler  completely ignores  blank ca rds .  When t h e  
subheadings are p r i n t e d  o u t ,  the  f i r s t  one i s  p r i n t e d  t w o  l i n e s  
below t h e  event  i d e n t i f i c a t i o n  l i n e ,  t h e  second one a l i n e  below 
t h a t  (on t h e  same l i n e  as t h e  weight changes f o r  t h i s  e v e n t ) ,  
and t h e  t h i r d  one a l i n e  below t h e  second one. The subheadings 
are indented  t w o  spaces  t o  t h e  r i g h t  of t h e  f i r s t  c h a r a c t e r  of 
t h e  even t  i d e n t i f i c a t i o n  l i n e .  

w,ricpL LL-.. I.-..- -̂ I..--- a rc Liicy i i a v c  uLLuLLcu. A I  z subheading f i e l d  is to be 

The only o t h e r  cards  which may occur  between one event 
s p e c i f i c a t i o n  ca rd  and t h e  next  have t h e  purpose of i n p u t t i n g  
a number f o r  some v a r i a b l e  i n  t h e  problem, s p e c i f y i n g  some 
v a r i a b l e  as unknown, o r  spec i fy ing  t h a t  consumables are t o  be 
t r e a t e d  l i n e a r l y .  

The ca rds  t h a t  i npu t  a number a r e  of t h e  form 

NAME = NUMBER 

where NAME i s  a word of a t  l e a s t  one c h a r a c t e r ?  which has  t o  be 
recognized by t h e  precompiler ,  and NUMBER i s  any For t r an  f l o a t i n g  
p o i n t  o r  i n t e g e r  cons t an t .  For NAME c e r t a i n  words are always 
recognized by t h e  precompiler  and o t h e r s  depend on t h e  component 
weight  column names s p e c i f i e d  i n  t h e  column s p e c i f i c a t i o n s  s e c t i o n .  

t I f  t h e r e  a r e  more than s i x  c h a r a c t e r s  i n  NAME, t h e  
precompiler  looks a t  only the f i r s t  s i x .  
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Those always recognized by t h e  precompiler are DELTAV, DV, o r  V 
( t h e  d e l t a  v e l o c i t y )  , and I S P ,  o r  I ( t h e  s p e c i f i c  impulse) .  ( I f  
t h e r e  is no burn t h i s  even t ,  DELTAV, DV, V ,  I S P ,  and I a r e  i l l e g a l  
words.) The only o t h e r  acceptab le  words f o r  NAME a r e  t h e  com- 
ponent weight column names s p e c i f i e d  i n  t h e  column S p e c i f i c a t i o n s  
s e c t i o n  and words de r ived  from t h e s e  names by p r e f i x i n g  them w i t h  
t h e  l e t te r  D (and dropping t h e  l a s t  c h a r a c t e r  of t h e  r e s u l t i n g  
word i f  it has seven c h a r a c t e r s ) .  The D p r e f i x  t o  t h e  column 
name i n d i c a t e s  a d e l t a ,  o r  change, between t h e  c u r r e n t  even t  
and t h e  nex t  event .  

The n u d e r  i n  X J I S E R  is i n p u t ,  i n  f l o a t i x g - p o i n t  format l  
i n t o  the v a r i a b l e  i n d i c a t e d  by NAME; i . e . ,  t h e  column i n d i c a t e d  
by NAME a t  t h e  c u r r e n t  event .  

The cards  t h a t  spec i fy  v a r i a b l e s  as unknown a r e  of t h e  
form 

where NAME i s  t h e  same a s  i n  the  i n p u t  cards d iscussed  above. 
I n  t h i s  case, F i e l d a t a  code blanks are s t o r e d  i n  t h e  a p p r o p r i a t e  
v a r i a b l e  t o  s p e c i f y  t h a t  it i s  n o t  known. All v a r i a b l e s  are set  
t o  ze ro  u n l e s s  i n p u t  as a cons t an t  o r  s p e c i f i e d  as unknown. 

The only o t h e r  cards  permi t ted  be fo re  t h e  nex t  event  
s p e c i f i c a t i o n  ca rd  a r e  t h e  LINEAR and D I S C R E ( T E ) t  c a r d s ,  which  
are of  t h e  form 

LINEAR 

and 
DISCRE (TE) . 

These ca rds  s p e c i f y  t h a t  a l l  non-propulsive weight  changes are 
t o  b e  t r e a t e d  l i n e a r l y  o r  d i s c r e t e l y  i n  t h e  a p p l i c a t i o n  of t h e  
r o c k e t  equa t ion  f o r  t h e  burn t h i s  event .  LINEAR means t h e  
weight  changes are t o  be used l i n e a r l y  du r ing  t h e  burn. DISCRE(TE)  
means t h e  weight  changes a r e  t o  be t r e a t e d  as i f  they w e r e  used 
immediately a f t e r  completion of t h e  burn. I f  t h e r e  i s  no burn 
t h i s  e v e n t ,  t h e s e  t w o  cards  a re  i l l e g a l .  I f  t h e r e  i s  a burn and 
n e i t h e r  of t h e  t w o  cards  is s p e c i f i e d ,  DISCRE(TE) i s  assumed. 
The u s e r  may cance l  one of these  s p e c i f i c a t i o n s  by submi t t i ng  

f Throughout this memorandum, those  c h a r a c t e r s  enclosed 
i n  pa ren theses  i n  a command may be omit ted.  Thus, t h e  command 
DISCRE(TE)  may be used a s  e i t h e r  DISCRETE or D I S C R E .  
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t h e  oppos i t e  s p e c i f i c a t i o n  af terwards.  The l a s t  such card t h e  
precompiler  reads f o r  t h e  p a r t i c u l a r  even t  is  t h e  one t h a t  i s  
p u t  i n t o  t h e  program t h a t  w i l l  be genera ted  by t h e  precompiler.  
When t h e  program genera ted  by the  precompiler  p r i n t s  o u t  t h e  
informat ion  p e r t a i n i n g  t o  t h e  p r o b l e m s  it s o l v e s ,  burns t h a t  
w e r e  treated l i n e a r l y  are i d e n t i f i e d  by t h e  word LINEAR o r  t h e  
l e t t e r  L. N o  such word i s  p r i n t e d  f o r  t h e  weight  changes t h a t  
w e r e  treated d i s c r e t e l y .  

The cards b e t w e e n  two e v e n t  s p e c i f i c a t i o n  ca rds  need 
n o t  be i n  any s p e c i a l  order, except t h a t  t h e  subheading spec i -  
f i c a t i o n  cards have t o  occur  i n  t he  order determined by t h e  
p r i n t o u t  des i r ed .  I f  t h e r e  are m o r e  than one ca rd  r e f e r r i n g  
t o  t h e  s a m e  v a r i a b l e ,  t h e  las t  one o v e r r u l e s  t h e  o t h e r s .  

There must be a t  l e a s t  t w o  e v e n t s  s p e c i f i e d ,  and no 
iiiore tk ,an  fifey-. mh- r-rnrrla nrnhlam = t t a ~ h n A  _ _ _ _ _ _ _ _ _ _  

1 1 1 G  J U l L L y L b  y L " U I b . L L  U c L - l r r l -  f-mnfnins four  
even t s :  DSCNT, TCHDWN, ASCNT, and DfdCK. 

Two o t h e r  ca rds  which t h e  precompiler  recognizes  are 
t h e  STfdP and END cards, which a r e  of t h e  form 

S TPP 

and 
END. 

These cards can be used any t i m e ,  and a s  soon as t h e  precompiler 
encounters  e i ther  of them, it w i l l  p r i n t  t h e  message "RUN TERMI- 
NATED" and t e rmina te  t h e  execution. 

The end o f  t h e  event  s p e c i f i c a t i o n s  s e c t i o n  i s  i n d i c a t e d  
by a LAST card, a card of  t h e  form 

LAST. 

Upon encounter ing  a LAST ca rd ,  the  precompiler  dec ides  whether 
t h e  informat ion  it has obtained so  f a r  i s  s u f f i c i e n t  and whether 
t h e  l a s t  even t  i s  i n  o r d e r  (no burn i s  allowed f o r  t h e  f i n a l  
e v e n t ,  and n e i t h e r  are weight changes) .  I f  eve ry th ing  i s  accept-  
able ,  t h e  precompiler  immediately w r i t e s  a Fo r t r an  main program 
o n t o  F o r t r a n  l o g i c a l  u n i t  8 and p r i n t s  t h e  message "END OF 
PRECOMPILATION." Otherwise,  it w i l l  inform t h e  u s e r  t h a t  t h e  
burn and/or weight  changes fo r  t h e  f i n a l  event  (but  n o t  t h e  
e v e n t  i t s e l f )  w i l l  be  d e l e t e d  i f  he s u b m i t s  ano the r  LAST card 
and t h a t  if he does n o t ,  then it w i l l  expec t  more information.  
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The precompiler is  designed t o  be used from a remote 
terminal. Hence e r r o r s  w i l l  be commented on as  they occur  and 
ca rds  i n  error w i l l  be ignored. Furthermore, t h e r e  i s  a s p e c i a l  
ca rd  which t h e  u s e r  can submit t o  cause t h e  precompiler  t o  
" f o r g e t "  t h e  l a s t  even t  o r  column s p e c i f i e d .  This  i s  t h e  DELETE 
ca rd ,  which has t h e  form 

DELETE. 

I t  i n s t r u c t s  t h e  precompiler  t o  ac t  as i f  it had never encountered 
t h e  l a s t  even t  o r  column s p e c i f i c a t i o n  card and a l l  in format ion  
s p e c i f i e d  s i n c e .  Upon encounter ing t he  DELETE z x d ,  t h e  precom- 
p i l e r  t akes  o-le of t h r e e  poss ib l e  courses  of a c t i o n :  
e v e n t s  have been s p e c i f i e d ,  i t  d e l e t e s  t h e  l a s t  one; i f  no even t s  
have been s p e c i f i e d  b u t  a t  l e a s t  one column has  been s p e c i f i e d ,  
it deletes t h e  l a s t  column; and i f  no columns have been s p e c i f i e d  
y e t ,  it responds t h a t  t h e r e  i s  noth ing  t o  d e l e t e .  The DELETE 
card may be used r epea ted ly  t o  back up as f a r  a s  t h e  u s e r  d e s i r e s .  

i f  any 

For t h e  For t r an  V compiler t o  be a b l e  t o  access t h e  
program generated by t h e  precompiler and w r i t t e n  onto  F o r t r a n  
l o g i c a l  u n i t  8 ,  it i s  necessary t o  conver t  it t o  an element i n  
b i n a r y  form on some program f i l e ,  u s u a l l y  on Fas t rand .  To accom- 
p l i s h  t h i s ,  a s p e c i a l  program is used. This  program is  PUTS, an 
a b s o l u t e  element t h a t  i s  p a r t  of t h e  Bellcomm Apollo Simulat ion 
Program package (see Reference 1).  Once t h e  u s e r  h a s  precompiled 
a s e t  of d a t a  cards  i n t o  ca rd  images on F o r t r a n  l o g i c a l  u n i t  8 ,  
he has  t o  execute  @JTS by means of  a c o n t r o l  ca rd  of t h e  form 

@WAP*WAP . @UTSI I L  DUMMY , F I L E .  NAME 

where DUMMY i s  a word of  one t o  twelve c h a r a c t e r s  t h e  f i r s t  of 
which has t o  be a l p h a b e t i c ,  FILE i s  t h e  program f i l e  on which 
t h e  new element i s  t o  be placed,  and NAME i s  t h e  name of 
t h e  new element.  The I op t ion  i s  e s s e n t i a l ;  t h e  L o p t i o n  i n d i -  
cates t h a t  a l i s t i n g  of t h e  element i s  t o  be produced ( t h e  L 
should  n o t  be used a t  a remote t e r m i n a l ) .  The r e s u l t  of t h i s  
ca rd  i s  t h e  c r e a t i o n  of an element FILE.NAME which can  be compiled 
by t h e  For t r an  V processor .  

Two more s t e p s  are necessary.  The f i r s t  i s  compilat ion 
i t s e l f ,  which c r e a t e s  a r e l o c a t a b l e  element from t h e  symbolic 
e lement  FILE.NAME. The second i s  t h e  c r e a t i o n  of an a b s o l u t e  
element.  
a b l e  e lements  must be inc luded  i n  a d d i t i o n  t o  t h e  r e l o c a t a b l e  
e lement  produced from FILE.NAME. These a d d i t i o n a l  e lements  
( sub rou t ines  BQfDY, ITERAT, Pas, P R I N T L ,  P R I N T 2 ,  PRINT3, READ, 
RgCKET, SUMS, and TEST) are on program f i l e  WAP*WAP. The func- 
t i o n  of  each of t h e s e  subrout ines  i s  d i scussed  i n  Appendix C .  

I n  t h e  c r e a t i o n  of t h e  a b s o l u t e  e lement ,  n i n e  r e l o c a t -  
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The c o l l e c t i o n  of t h e s e  r e l o c a t a b l e  elements i s  accomplished 
w i t h  t h e  MAP c o n t r o l  card.  I n  t h e  example inc luded  here, t h e  
MAP ca rd  r e s u l t s  i n  t h e  c r e a t i o n  of t h e  a b s o l u t e  element JLM.LM. 
I n  Appendix B ,  a copy of JLM.LM, c a l l e d  WAP*WAP.LM, is used t o  
i l l u s t r a t e  how t h i s  a b s o l u t e  element can be used t o  s o l v e  
s p e c i f i c  problems. This  LM abso lu te  e l emen t  has  been saved 
along w i t h  the  subrou t ines  i n  a read  only Fas t rand  f i l e ,  WAP*WAP 
f o r  t hose  who w i s h  t o  experiment. 



EXAMPLE A-1 

USE OF PRECOMPILER 

Qrun j l m ,  j lm,example  

*jettisoned w e i g h t *  
* J E T T I  SI)!'FD !!FI Ct 'T*  



EXAMPLE A-1 (Continued) 



. 

EXAMPLE A - 1  (Continued) .  



APPENDIX B 

EXECUTION OF MAIN PROGRAM 

The procedure descr ibed i n  Appendix A t o  gene ra t e  
a main program (an absolu te  element t h a t  w i l l  subsequent ly  be 
r e f e r r e d  t o  a s  t h e  "program") need be r epea ted  only i f  t h e  
names o r  q u a n t i t i e s  of t h e  columns and e v e n t s  are t o  be changed. 
This appendix d i s c u s s e s  t h e  manner i n  which t h i s  program can be 
used t o  s o l v e  s p e c i f i c  problems and g i v e s  s o m e  sample runs t h a t  
w e r e  made from a remote terminal .  S ince  a l l  of t h e  a v a i l a b l e  
commands a r e  no t  i l l u s t r a t e d  i n  t h i s  appendix,  and a l l  a spec t s  
of the i l l u s t r a t e d  commands a re  no t  d i scussed  here, t h e  r eade r  
i s  r e f e r r e d  t o  Appendix D f o r  a more complete d e s c r i p t i o n  of 
t h e  commands. 

Execution wi th  t h e  i n i t i a l  va lues  of t h e  ma t r ix  
e lements  t h a t  w e r e  b u i l t  i n t o  the p rogra r  du r ing  precompila- 

by the Univac EXEC 8 s y s t e m  t o  begin t h e  execut ion.  The LAST 
ca rd  causes  t h e  program t o  eva lua te  the  mat r ix .  The r e s u l t i n g  
p r i n t o u t  i s  shown i n  t h e  example. The STgP ( o r  END) ca rd  t e r m i -  
n a t e s  the execut ion.  

tion is i l l u s t r a t e d  iil ExaTLp:e 1. Tiie XQT card is req.oired 

Note t h a t  t h e  matr ix  p r i n t e d  i n  Example 1 d i f f e r s  
s l i g h t l y  from t h e  one presented i n  t h e  body of t h i s  memorandum. 
Each element of t h e  mat r ix  t h a t  has a va lue  of zero ( o r  a magni- 
tude  less than 0 .05 )  i s  l e f t  blank. I t  was i n d i c a t e d  i n  t h e  
body of t h e  memorandum t h a t  t h e  mat r ix  has  columns devoted t o  
d e l t a  v e l o c i t i e s  and s p e c i f i c  impulses.  T h i s  i s ,  i n  f a c t ,  t h e  
way the  mat r ix  i s  organized within t h e  program f o r  computation. 
H o w e v e r ,  t o  conserve space and allow more columns, t h e  p r i n t o u t  
has been arranged t o  show t h e  d e l t a  v e l o c i t y  and s p e c i f i c  impulse 
a s s o c i a t e d  wi th  an even t  d i r e c t l y  below t h e  event  name. I f  t h e  
non-propulsive weight  changes w e r e  assumed t o  be used i n  a l i n e a r  
f a s h i o n ,  t h e  word "LINEAR" i s  a lso p r i n t e d  i n  t h i s  a r e a .  

Note a l s o  t h a t  the matr ix  p r i n t e d  i n  t h i s  example uses  
t h e  abbrevia ted  form of l a b e l s  f o r  t h e  columns and events .  T h e  
d a t a  w i l l  au tomat i ca l ly  be p r i n t e d  o u t  i n  t h i s  format u n l e s s  t he  
program i s  t o l d  t o  u s e  the  complete l a b e l s  as i l l u s t r a t e d  i n  
Example 2 .  Note t h a t  s i n c e  t h e  c h a r a c t e r  A i s  not  a v a i l a b l e  a t  
t h e  remote t e r m i n a l s ,  t h e  symbol AV was rep laced  by "V- This  
happens only when t h e  p r i n t o u t  i s  obta ined  a t  a remote t e r m i n a l ,  
and s i n c e  t h e  complete l a b e l s  a r e  seldom d e s i r e d  when a remote 
t e r m i n a l  i s  used,  t h i s  erroneous l a b e l  was considered acceptab le .  
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An e s s e n t i a l  f e a t u r e  of t he  program i s  t h e  c a p a b i l i t y  
of d e f i n i n g  a p a r t i c u l a r  problem by s p e c i f y i n g  d a t a  i n p u t s  and 
d i c t a t i n g  what v a r i a b l e s  a r e  t o  be unknown. 
i n  much t h e  s a m e  way as t h e  same th ing  was accomplished dur ing  
precompilat ion.  
ca rd ,  which is  of t h e  form 

This i s  accomplished 

F i r s t  an event  has t o  be s p e c i f i e d  by an even t  

where ENAME is  t h e  name of one of t h e  even t s  s p e c i f i e d  a t  pre- 
compi la t ion  wi th  an event  s p e c i f i c a t i o n  card.  
s p e c i f i e s  that L Ie  subsequent cards  p e r t s i n  t o  event  ENAMS. 
Event ca rds  maA' appear anywhere i n  t h e  deck and t h e r e  a r e  no 
r e s t r i c t i o n s  on the  o rde r  i n  which they may appear  o r  how many 
t i m e s  one even t  may be s p e c i f i e d .  

The even t  ca rd  

D a t a  i n p u t  cards  may fol low t h e  event  card  t o  s p e c i f y  

To a s s i g n  a g iven  va lue  t o  an 
the  va lue  of a p a r t i c u l a r  v a r i a b l e  a t  t h a t  event .  
of d a t a  i n p u t  cards  may be used. 
e lement ,  a ca rd  of the form 

Seve ra l  types 

NAME = NUMBER 

i s  used ,  where NAME i s  t h e  name of t h e  v a r i a b l e  whose va lue  a t  
t h i s  e v e n t  i s  t o  be changed, and NUMBER i s  any F o r t r a n  f l o a t i n g  
p o i n t  o r  i n t e g e r  cons t an t .  The l i m i t a t i o n s  on NAME are i d e n t i c a l  
t o  t h o s e  c i t e d  f o r  precompilat ion.  NAME should have from one t o  
s i x  c h a r a c t e r s ;  it may have more than s i x ,  b u t  a l l  beyond t h e  
f i r s t  s i x  are ignored. Acceptable words are (1) t h e  column names 
t h a t  w e r e  s p e c i f i e d  by t h e  column s p e c i f i c a t i o n  ca rds  used by 
t h e  precompiler  i n  s e t t i n g  up the  i n i t i a l  ma t r ix ,  ( 2 )  words 
de r ived  from t h e  column names by p r e f i x i n g  them wi th  t h e  l e t t e r  D 
(and dropping t h e  l a s t  cha rac t e r  of t h e  r e s u l t i n g  word i f  it has 
seven c h a r a c t e r s ) ,  i n d i c a t i n g  a d e l t a ,  o r  change, between t h e  
c u r r e n t  even t  and t h e  next  event ,  and ( 3 )  t h e  names DELTAV, DV 
o r  V ( t h e  de l t a  v e l o c i t y ) ,  and I S P  o r  I ( t h e  s p e c i f i c  impulse 
of t h e  e n g i n e ) .  
t h e  names i n  group ( 3 )  above a r e  n o t  allowed. I f  t h i s  i s  t h e  
l a s t  even t ,  t h e  names i n  groups ( 2 )  and ( 3 )  are no t  allowed. 

I f  t h e r e  is no burn f o r  t h i s  p a r t i c u l a r  e v e n t ,  

A ca rd  of t h e  form 

NAME = @LD 

causes  NAME t o  t a k e  on t h e  value t h a t  w a s  c a l c u l a t e d  f o r  it i n  
t h e  prev ious  e v a l u a t i o n  of t h e  matr ix .  

The form 

NAME = NAME op NUMBER op NUMBER . . . 



r e s u l t s  i n  NAME being  set  equal t o  i t s  c u r r e n t  va lue ,  modified 
by t h e  sequence of o p e r a t o r s  and numbers. ''op" may be e i ther  

o r d e r  i n  which they  are r ead ;  i .e. ,  from l e f t  t o  r i g h t .  I f  
NAME i s  c u r r e n t l y  des igna ted  as an unknown, t h i s  form i s  n o t  
allowed. 

I , or  "/". The opera t ions  are performed i n  t h e  II + I1 , II - II II * I1 

The f i n a l  of da t a  i n p u t  ca rd  i s  of t h e  form 

NAME. 

I n  t h i s  ca se ,  t h e  v a r i a b l e  NAME i s  des igna ted  as an unknown. 

For a l l  of t h e s e  types of data  cards,  t h e  d a t a  are stored 
t h e  s a m e  way as dur ing  precompilat ion:  f o r  t he  f i r s t  t h r e e  
types ,  t h e  s p e c i f i e d  number i s  s t o r e d  i n  f l o a t i n g - p o i n t  format 
i n  t h e  a p p r o p r i a t e  v a r i a b i e ,  and f o r  t he  i a s t  t y p e ,  F i e i d a t a  
code b lanks  are s t o r e d  i n  t h e  v a r i a b l e  t o  i n d i c a t e  t h a t  i s  i s  
unknown and i s  t o  be ca l cu la t ed .  

Two more cards  which may be among those  p e r t a i n i n g  
t o  a p a r t i c u l a r  event  a r e  t h e  LINEAR card and t h e  D I S C R E ( T E ) t  
card, of t h e  forms 

LINEAR 

and 
DISCRE (TE)T . 

These cards s p e c i f y  whether non-propulsive weight  changes a r e  
t o  be  t r e a t e d  l i n e a r l y  o r  d i s c r e t e l y  i n  t h e  a p p l i c a t i o n  of  t h e  
r o c k e t  equat ion .  Their  use  i s  described i n  Appendices A and D.  
If no burn w a s  s p e c i f i e d  f o r  t h i s  even t  when t h e  main program 
w a s  precompiled,  then these  two cards a r e  i l l e g a l  ( a s  are ca rds  
wi th  t h e  v a r i a b l e  names DELTAV, DV, V ,  I S P ,  o r  I ) .  I f  n e i t h e r  
of these cards  i s  used, t h e  burn w i l l  be performed a s  s p e c i f i e d  
d u r i n g  precompilat ion.  

The d a t a  i n p u t  cards  fol lowing an event  ca rd  need n o t  
be i n  any s p e c i a l  o rder .  
t o  the s a m e  v a r i a b l e ,  t h e  las t  one o v e r r u l e s  t h e  o t h e r s .  

If t h e r e  a r e  more than  one card r e f e r r i n g  

t Throughout t h i s  memorandum, those  c h a r a c t e r s  enclosed 
i n  pa ren theses  i n  a command may be omit ted.  Thus, t h e  command 
DISCRE(TE) may be used as e i t h e r  DISCRETE o r  D I S C R E .  



Example 3 i s  an i l l u s t r a t i o n  of how cards  o f  t h i s  
type  may be used t o  modify t h e  i n i t i a l  d a t a  t h a t  w e r e  b u i l t  i n t o  
t h e  program a t  precompilat ion.  
t h e  va lue  of t h e  ASC weight  a t  event  DSCNT was changed, and t h e  
unknowns i n  t h e  ma t r ix  w e r e  r e c a l c u l a t e d  us ing  t h i s  new number. 
I n  t h e  second p a r t  of t h e  example, t h e  problem w a s  changed m o r e  
s i g n i f i c a n t l y .  The i n i t i a l  s t a g e  and p r o p e l l a n t  weights  w e r e  
s p e c i f i e d  i n  the  f j . r s t  p a r t ,  and t h e  program c a l c u l a t e d  t h e  amount 
of p r o p e l l a n t  r equ i r ed  f o r  each burn and t h e  amount o f  p r o p e l l a n t  
remaining a f te r  t h e  burn f o r  t h e  s p e c i f i e d  A V ' s  and ISP ' s .  I n  
t h e  second p a r t ,  t h e  i n i t i a l  amount of  p r o p e l l a n t  (e .g .  , t ank  
c a p a c i t y )  and t h e  f i n a l  amount of p r o p e l l a n t  (e.q. ,  r e s i d u a l ,  
unusable  p r o p e l l a n t )  w e r e  s p e c i f i e d ,  and t h e  maximum i n i t i a l  
weight  f o r  each s t a g e  ( f o r  the given aV's and I S P ' s )  w a s  calcu-  
lated.  Notice a lso the  PRINT'NgDATA command, which i s  u s e f u l  
when o p e r a t i n g  from a remote te rmina l .  Normally, each l i n e  typed 
or  appear ing  on a ca rd  i s  p r i n t e d  by t h e  computer, which is  a 

used, t h e  l i n e s  typed by t h e  u s e r  provide a record  of t h e  i n p u t ,  
so t i m e  and space  are saved by avoiding t h i s  e x t r a  p r i n t i n g .  

I n  t h e  f i r s t  p a r t  of t h i s  example, 

a +-*.n:.-.-1 * 
L c L i i t i i i a i  i3 desirable f e a t u r e  ?:hen using cards. U - T . ,  I I " " " L " ~ A  nrr- v , Y . , h  W 1 I F ; l l  n.. 

The c a p a b i l i t y  t o  e a s i l y  change t h e  d a t a  i n  t h e  mat r ix  
i s  t h e  b a s i s  f o r  t h e  f l e x i b i l i t y  of t h e  program. However, t h i s  
f e a t u r e  must be used cau t ious ly  t o  avoid s e t t i n g  up a problem 
t h a t  has  no s o l u t i o n  because the d a t a  s p e c i f i e d  i s  e i t h e r  i n -  
s u f f i c i e n t  o r  i n c o n s i s t e n t .  Example 4 i s  t y p i c a l  of t h e  d i f f i -  
c u l t i e s  t h a t  can be encountered. I n  t h e  f i r s t  p a r t ,  s p e c i f i c a -  
t i o n  of  t h e  ASC weight  a t  event  DSCNT as an unknown r e s u l t s  i n  
i n s u f f i c i e n t  d a t a ,  and an appropr i a t e  message i s  p r i n t e d .  A t  
t h i s  p o i n t ,  i f  t h e  u s e r  recognizes  h i s  mistake,  it can be cor- 
r e c t e d  and r e run  immediately. However, it i s  s o m e t i m e s  d i f f i c u l t  
t o  i d e n t i f y  t h e  e r r o r .  To a i d  i n  f i n d i n g  such e r r o r s ,  s e v e r a l  
o p t i o n s  have been provided. I f  t h e  command PRINT=GJZIgF has  been 
submi t ted ,  t h e  e n t i r e  mat r ix  w i l l  be p r i n t e d  even though a complete 
s o l u t i o n  was n o t  ob ta ined .  T h i s  al lows t h e  u s e r  t o  determine j u s t  
how f a r  the  computation progressed be fo re  a discrepancy w a s  en- 
countered  o r  it w a s  determined t h a t  t h e  d a t a  w e r e  i n s u f f i c i e n t .  
This  i s  i l l u s t r a t e d  i n  t h e  f i r s t  p a r t  of Example 4 .  

The l a s t  p a r t  of Example 4 shows what can happen i f  
c o n f l i c t i n g  d a t a  are s p e c i f i e d .  I n  t h i s  case, t h e  i n s u f f i c i e n t  
d a t a  problem w a s  c o r r e c t e d  by s e t t i n g  ASC a t  even t  DSCNT equa l  
t o  5800. However, t h e  va lue  s p e c i f i e d  f o r  ASC a t  even t  DOCK w a s  
i n c o n s i s t e n t  w i t h  the  d a t a  prev ious ly  s p e c i f i e d .  The error 
message shows where t h e  program r a n  i n t o  d i f f i c u l t y .  I f  t h i s  
message does n o t  provide  enough informat ion  t o  i so la te  t h e  problem, 
t h e  PRINT=G$I~F command aga in  can provide a means f o r  o b t a i n i n g  
more informat ion .  S ince  t h i s  command w a s  s t i l l  i n  e f f e c t  (it 
could have been cance l l ed  by us ing  PRINT=N$IG@gF) , t h e  e n t i r e  
m a t r i x  w a s  p r i n t e d  when t h e  discrepancy was encountered. 
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Severa l  P R I N T  commands are provided t o  enhance the 
f l e x i b i l i t y  of the program, e s p e c i a l l y  i n  i t s  u s e  from a te rmina l .  
The u s e r  i s  o f t e n  i n t e r e s t e d  i n  only a few elements  of t h e  matr ix .  
Example 5 shows how t o  use t h e  PRINT=C@LUMNS and PRINT=EVENTS 
commands t o  p r i n t  only a s e l e c t e d  p o r t i o n  of t h e  mat r ix .  The 
s p e c i f i e d  columns and even t s  a r e  d e l e t e d  only  from t h e  p r i n t o u t ;  
a l l  elements are always considered du r ing  t h e  c a l c u l a t i o n s .  

N o t e  a l s o  t h a t  abbrevia ted  forms f o r  some of t h e  commands 
are in t roduced  i n  Example 5 .  Thus, "L" i s  e q u i v a l e n t  t o  "LAST", 
"P" i s  e q u i v a l e n t  t o  P R I N T ,  e t c .  A complete l i s t  of v a l i d  abbre- 
v i a t i o n s  i s  given i n  Appendix E .  

Occasional ly  it becomes d e s i r a b l e  t o  know t h e  va lues  
t h a t  a r e  s t o r e d  f o r  va r ious  elements of t h e  ma t r ix .  Example 6 

The va lues  p r i n t e d  a r e  t h e  cu r ren t  v a l u e s ,  i nc lud ing  any changes 
t h a t  have been made w i t h  i n p u t  d a t a  cards .  

sh=.*,.s h G V  the PRINT=STATUS cmmanc?s mav he used f o r  this p12rpose; 

The f i n a l  command i n  Example 6 i l l u s t r a t e s  another  
f e a t u r e .  The c h a r a c t e r s  f o r  any i n p u t  o r  command ca rd  do n o t  
have t o  appear i n  any p a r t i c u l a r  s e t  of columns. Blanks a r e  
"squeezed out"  on a l l  ca rds  except those  s p e c i f y i n g  headings.  
Thus, t he  f i n a l  command i n  t h i s  example accomplished e x a c t l y  
t h e  same func t ion  as  t h e  previous one. 

Example 7 i l l u s t r a t e s  t h e  SENS and DELTA commands i n  
s e v e r a l  d i f f e r e n t  forms. Note t h a t  a s p e c i a l  heading i s  p r i n t e d  
t o  g i v e  informat ion  about the v a r i a b l e  t h a t  was per turbed  and 
t h e  amount of  t h e  pe r tu rba t ion .  Also,  t h e  p r i n t i n g  format i s  
changed t o  show more d i g i t s  t o  t h e  r i g h t  of  t h e  decimal po in t .  

The STEP and PRINT=TABLE commands are demonstrated i n  
Example 8.  The STEP command provides  a means f o r  e v a l u a t i n g  t h e  
e lements  of t he  mat r ix  a number of t i m e s  i n  success ion ,  w i th  
one of t h e  v a r i a b l e s  incremented each t i m e .  Seve ra l  examples 
of  t h e  u s e  of t h e  STEP command a r e  given. I n  t h e  f i r s t  c a s e ,  
t h e  s i m p l e s t  form i s  i l l u s t r a t e d .  Only t h e  element being "s tepped" 
i s  s p e c i f i e d ;  t h e  program assumes f i v e  s t e p s  and an increment of 
+1%. The normal p r i n t i n g  format was r e t a i n e d  (with a l l  b u t  one 
l i n e  d e l e t e d  i n  t h i s  example t o  conserve s p a c e ) ,  r e s u l t i n g  i n  
t h e  abbrev ia t ed  ma t r ix  being p r i n t e d  f i v e  times. A more convenient 
p r i n t i n g  format can be s p e c i f i e d  w i t h  t h e  PRINT=TABLE commands. 
A s  shown, they  make it poss ib l e  t o  rear range  t h e  d a t a  i n  a t a b u l a r  
form w i t h  up t o  t e n  columns (sever, when us ing  a remote t e r m i n a l ) .  
The element  t o  be p r i n t e d  i n  each column i s  s p e c i f i e d  by t h e  use r .  
Other forms fo r  t h e  STEP command a r e  a l so  i l l u s t r a t e d .  
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ExamFle 3 demonstrates the HDG commands. U p  t o  f i v e  
l i n e s  of heading may be s n e c i f i e d ,  and t h e  p r i n t i n g  of t h e  
heading may ue suppressed i f  d e s i r e d .  The s p e c i f i e d  l i n e s  of 
heading a r e  i e s t r o y e d  only when new l i n e s  are suppl ied .  Normally 
hi? :ieacinq :;ill he centered ;  however, as shovn, t h e  HDG=N@CENTER 
r - <  p-.%--- s,t~ai(: causes t h e  heading t o  be l e f t - j u s t i f i e d .  

Ty’ical e r r o r  messages a r e  i l l u s t r a t e d  i n  Example 1 0 .  
I n  some cases, t h e  e r r o r  i s  co r rec t ed  i n  a subsequent card .  Note 
t h a t  t h e  PRIpJT=N@DATA command. i s  ove r ru l ed  whenever an e r r o r  
o c c u r s ,  b u t  it remains i n  e f f e c t  f o r  any subsequent c o r r e c t  card.  
Although a ca rd  may con ta in  more than  one e r r o r ,  t h e  p r i n t e d  
comment ref-rs only t o  tne f i r s t  one encountered by the program. 



EXAMPLE B-1  

SIMPLE EXECUTION 

@run j lm ,  j lm,exarnple 

DATE: 0 6 2 5 7 1  TIME: '175514 
g x q t  wap*wap. lrn 
1 a s t  

LAST 

ASC APS DSC DPS L M 

D S C N T  5 7 5 5 . 1  5207 .6  6118.2  1 9 5 0 8 . 5  3 6 5 8 9 . 4  
L INEAR -97 .0  -30 .2  -18759 .2  -18886 .4  
V=7013.90  
I= 302 .30  

T C H D W N 5 6 5 8 . 1  5207.6  6088.0 749.3 17703 .0  
-19 .8  -6088.0  -749.3 - 6 8 5 7 . 1  

ASCNT 5 6 3 8 . 3  5207.6  
-99 .7  -4957 .2  

V=6079.8'0 
I=  309.40  

1 0 8 4 5 . 9  
- 5 0 5 6 . 9  

DOCK 5538.6  250.4  5789 .0  

stop 
STOP 
STOP OR END COMblAND---RUN TERM I NATED 

@ f i n  
R U N I D : J LM ACCOUNT: J LM PRO J E C T : E X  AMP L E 
TIME: 00 :00 :00 .185 IN :  5 OUT: 0 PAGES: 1 
I N I T I  AT I ON T I  t*lE: 1 7 :  5 5  : 1 4 - J U N  25,1971 
TFRM I NAT I ON T I ME : 
CORE-SECONDS: 2 
I O  COLJFJT: 2 6  
CHARGE: 0 . 0 9 4  

1 7  : 5 6 : 3 7 - JUN 2 5,19 7 1 



EXAMPLE B-2 

EXPANDED PRINTOUT 

@run j l m ,  j lm,example 

D A T E :  0 6 2 5 7 1  T I M E :  1 8 0 4 5 5  
Uxqt wap*wap. im 
print=label s 

P R I N T = L A B E L S  
last 

L A S T  

B E G I N  DESCENT 
" V = 7 0 1 3 . 9 0  I S P =  3 0 2 . 3 0  L 
CONSUMABLES 
AND PROPELLANT 

TOUCHDOWN ON LUNAR SURFACE 
J E T T l  SONED N E  I GHT 

BEG1 N POWERED ASCENT 
" V = 6 0 7 9 . 8 0  I S P =  3 0 9 . 4 0  
CONSUMABLES 
AND PROPELLANT 

DOCK WITH CSM 

A S C E N T  
STAGE 
WEIGHT 

5 7 5 5 . 1  

- 9 7 . 0  

5 6 5 8 . 1  

- 1 9 . 8  

5 6 3 8 . 3  

- 9 9 . 7  

5538.6 

ASCENT DESCENT DESCENT T O T A L  
PROP. STAGE PROP. LM 
WE I GHT WE I GHT WE I GHT WE I GHT 

5 2 0 7 . 6  6 1 1 8 . 2  1 9 5 0 8 . 5  3 6 5 8 9 . 4  

- 3 0 . 2  - 1 8 7 5 9 . 2  - 1 8 8 8 6 . 4  

5 2 0 7 . 6  6 0 8 8 . 0  7 4 9 . 3  1 7 7 0 3 . 0  

- 6 0 8 8 . 0  - 7 4 9 . 3  - 6 8 5 7 . 1  

5 2 0 7 . 6  1 0 8 4 5 . 9  

-49S?-.  7 - 5 0 5 6 . 9  

2 5 0 . 4  5 7 8 9 . 0  

5 top 
S T O P  
S T O P  OR END COMMAND---RUN TERMINATED 



r i 

EXAMPLE B-3 

CHANGING DATA IN MATRIX 

Cdxqt wap*wap.lm 
dscnt 

DSCNT 
a s c = 5  8 0 0  

A S C = 5 8 0 0  
l a s t  

LAST 

ASC APS DSC D PS LM 

DSCNT 5800 .0  5207 .6  6118 .2  1 9 5 0 8 . 5  36634 .3  
L I N E A R  -97 .0  -30 .2  - 1 8 7 8 2 - 2  - 1 8 9 0 9 . 4  
V=7013.90  
I =  302 .30  

TCHDlJN 5703.0  5207 .6  6088.0  726.3 17724 .9  
-19 .8  -6088.0  -726 .3  - 6 8 3 4 . 1  

ASCNT 5683 .2  5207 .6  
-99 .7  -4977.7  

V=6079.80  
I =  309 .40  

1 0 8 9 0 . 8  
-5077 .4  

DOCK 5583.5  229.9 5 8 1 3 . 4  

p r i n t = n o d a t a  

dscnt  
asc 
dsc 
aps=aps+50 
tchdwn 
d p s = 6 0 0  
dock 
aps-old 
l a s t  

PR I NT=NODATA 

ASC A PS DSC D PS LM 

DSCNT 5859 .4  5257.6  6254 .5  19508 .5  3 6 8 8 0 . 0  
L I NEAR -97 .0  -30 .2  -18908 .5  -19035 .7  
V=7013 .90  
I =  302 .30  

TCHDWN 5762.4  5257 .6  6 2 2 4 . 3  600.0  1 7 8 4 4 . 3  
-19 .8  - 6 2 2 4 . 3  -600 .0  - 6 8 4 4 . 1  

ASCNT 5742 .6  5257 .6  
-99 .7  -5027 .7  

V 1 6 0 7 9 . 8 0  
I =  3 0 9 . 4 0  

11000 .2  
- 5 1 2 7 . 4  

DOCK 5642.9  229.9 5872.8  

s t o p  
STOP OR END COMMAND---RUN TERM I NATED 

~ ~ 



EXAMPLE B-4 

ERROR MESSAGES AND PRINTEGOOF COMMAND 

@xqt wap*wap. lrn 
pr  i n t-nodata 

PRINT-NODATA 
dscnt 
asc 
last 

pr i n t-goof 
last 

NO SOLUTION--DATA 

NO SOLUTION--DATA 

ASC 

DSCNT UNKNLJN 
L INEAR -97 .0  
V=7013.90  
I -  3 0 2 . 3 0  

-I--,.,-., I.. UNKNiiN 

- 1 9 . 8  
I LHUWN 

ASCNT UNKNWN 
-99.7  

V=6079.80  
I -  309.40  

DOCK UNKNWN 

dscnt 
asc=5800 
dock 
asc=5000 
last 

NSUFFICIENT 

NSUFFICIENT 

APS 

5207 .6  

5 2 U T . b  

5207 .6  
U N KNWN 

UNKNWN 

DSC 

6118 .2  
-30 .2  

6088.0 
-6088.0  

D PS 

1 9 5 0 8 . 5  
UNKNWN 

UNKNWN 
UNKNWN 

***DISCREPANCY ENCOUNTERED I N  SUM$, EVENT ASCNT 
SUM- 50oo .00  SUMTST= 5583 .50  A- 5 6 8 3 . ~ 1  

ASC APS DSC D PS 

DSCNT 58QO.n 5207 .6  6118.2 19508 .5  
L INEAR -97.f-l -30.2 UNKNWN 
V=701-3.90 
I =  302 .30  

TCHDWN 5703.0  5207.6  6088 .0  UNKNWN 
-19.8 -6088.n  UNKNWN 

ASCNT 5683 .2  52n?.6  
-99 .7  UNKNWN 

V=6079.80  
I =  309 .40  

DOCK 5 o o o . n  UNKNWN 

LM 

UNKNWN 
UNKNWN 

UNKNWN 
UNKNWN 

UNKNWN 
UNKNWN 

UNKNWN 

-99.70  

LM 

36634.3  
UNKNLJN 

UNKNWN 
UNKNWN 

10890 .8  
UNKNWN 

UNKNWN 

stop 
STOP OR END COMMAND---RUN TERM I NATED 



EXAMPLE B-5 
P R I N T I N G  AN ABBREVIATED MATRIX 

@xqt wap*wap.lm 
pr i n t=nodata 

PRtNToNODATA 
last 

ASC APS DSC D P S  L M 

DSCNT 5 7 5 5 . 1  5 2 0 7 . 6  6 1 1 8 . 2  1 9 5 0 8 . 5  3 6 5 8 9 . 4  
L I N E A R  - 9 7 . 0  - 3 0 . 2  - 1 8 7 5 9 . 2  - 1 8 8 8 6 . 4  
V = 7 0 1 3 . 9 0  
I =  3 0 2 . 3 0  

TCHDWN 5 6 5 8 . 1  5 2 0 7 . 6  6 0 8 8 . 0  7 4 9 . 3  1 7 7 0 3 . 0  
- 1 9 . 8  - 6 0 8 8 . 0  - 7 4 9 . 3  - 6 8 5 7 . 1  

ASCNT 5 6 3 8 . 3  5 2 0 7 . 6  
- 9 9 . 7  - 4 9 5 7 . 2  

V = 6 0 7 9 . 8 0  
I =  3 0 9 . 4 0  

1 0 8 4 5 . 9  
- 5 0 5 6 . 9  

DOCK 5 5 3 8 . 6  2 5 0 . 4  5 7 8 9 . 0  

print=columns-aps-dps 
p r  i nt=events-tchdwn-ascnt 
last 

ASC DSC LM 

DSCNT 5 7 5 5 . 1  6 1 1 8 . 2  3 6 5 8 9 . 4  
L I NEAR - 9 7 . 0  - 3 0 . 2  - 1 8 8 8 6 . 4  
V = 7 0 1 3 . 9 0  
I =  3 0 2 . 3 0  

DOCK 5 5 3 8 . 6  5 7 8 9 . 0  

p=e-dscnt+tchdwn 
P=c+all-dps 
1 

ASC APS DSC L E.1 

T C  HDWN 5 6 5 8 . 1  5 2 0 7 . 6  6 0 8 8 . 0  1 7 7 0 3 . 0  
- 1 9 . 8  - 6 0 8 8 . 0  - 6 8 5 7 . 1  

DOCK 5 5 3 8 . 6  2 5 0 . 4  5 7 8 9 . 0  

end 
S T O P  OR END COMMAND---RUN TERM1 NATED 



EXAMPLE B-6 

STATUS COMMANDS 

d x q  t rvap*wap. 1 m 
p=nd 

p r  i n t = s  ta  t u s ,  a 1 1 
P=IJU 

ASC 

H 3 L I4 -I u N I\ i J  dN 
-Y9.7 

V=L iU79 .8U 
I =  3d9.41) 

DOCK u 14 til3 L J N  

= c - a l l + a s c + l n  
b = e - a l  l + d s c n t + d o c k  
p r  i n t = s t a t u s ,  p a r t  

ASC 

OSCNT 5 7 5 5 . 1  
L I IJEAH -97.0 
V = 7 U l L  Y 0 
I =  3 d 2 . 3 0  

DSC L) PS L I 4  



EXAMPLE B-7 

SENSITIVITY COMMANDS 

dxq t wa p*wa p. lm 
p=nd 

s e n s = i  s p / d s c n t  
s e n  s = y e s  
l a s t  

P=fJD 

S E N S I T I V I T I E S  TO I S P  (DSCNT 1 0  DELTA= 3 . 0 2 3  

ASC APS DSC DPS L1.l 

4 2 . 0 5 2 6  42.O52t.i 

42.0521, 4 2 . 0 5 2 5  
-42.0521, - 4 2 . 0 5 2 5  

V =  
I =  

p=e-al  l + d s c n t + t c h d w n  
s e n s = i  / d s c n t - l . 5  
1 

S E N S I T I V I T I E S  TO ISP (DSCt4T 1 0  DELTA= - 1 . 5 0 0  

ASC APS USC DPS L t4 

4 2 . 4 5 5 8  4 2 . 4 5 5 8  



EXAMPLE B-7 (Continued)  

39,7653 39.7653 

T C H 0 1JN 39.7653 39.7653 

s e n s = n o  
d e l  ta=yes  
1 

CIIAEJGES DUE TO CHANGE I N  I S P  (DSCNT ), DELTA= 30.230 

A S C  APS DSC b PS Li4 



EXAMPLE B-8  

STEP AND TABLE COMMANDS 

8 x q t  wap*wap. lrn 
p=nd 

p = e - a l l + d o c k  
s tep=asc /dscnt  
s tep=yes  
1 

P=lJL) 

A S C  AP& usc IJ PS L1.l 

A d  c APC, usc 

553ti.2 224.1 

ASC APS DSC 

5653.7 197.8 

ASC APS DSC 

5711.3 171.5 

D PS LE1 

5851.5 

DPS L 1.4 

5882.8 

UPS; L1.r 

5914.u 



EXAMPLE B-8 (Continued) 

pr i n t = r ; a b l e ,  l /asc/dscnt ,  2 / d a p s / a s c n t ,  3 /  lrri/dscnt 
p r i i i c = L a b l e  
l a s t  

5 7 5 5 . 1  -4957 .2  36589 .4  
5812.7  -4983.5  3t i t i47.0 
5870 .2  - 5 0 0 9 . 8  36704.5  
5927 .8  - 5 0 3 6 . 1  3 6 7 6 2 . 1  
5 9 8 5 . 3  - 5 0 6 2 . 4  36819.6 

t e p = a s c / d s c n t / 3 + 1 0 0  ? 

ASC U,., nAP_c L E4  
(DSCNT 1 (ASCNT 1 (DSCNT 1 

5 7 5 5 . 1  - 4 9 5 7 . 2  36589.4  
5 8 5 5 . 1  -5002.9  36689.4  
5 9 5 5 . 1  -5048 .6  36789.4 

p t ,  2 / d e l e t e ,  5 / a p s / d o c k  
s t = a s c / d s c n t / 3 - 2 * p e r c e n  
1 

365&Y. 4 
36474 .3  
36359.2  

. s t e p = i s p / d s c n t  
p=t, G/ isp/dscnt,  l / d d p s / t c h d w n  
1 

DDPS 
(TCHDWN 1 

-749.3  
-876 .4  

-1002.0  
- 1 1 2 5 . 9  
- 1 2 4 8  . 3 

L M 
(DSCNT 1 

36589.4  
36589.4 
36589.4 
36589.4 
36589.4 

250.4 
303.0 
355.6 

APS I S P  
(DOCK 1 (DSCNT 1 

250.4 302 .3  
250.4 305 .3  
250.4 308 .3  
250.4 311.4  
250.4 314.4 



. 

EXAMPLE B-9 

HEADING COMMANDS 

l jxqt wap*wap. 1111 
p=nd 

p=e-a l l+Jock 
1 

P=Nb 

usc APS USC 

UUCh S538. Li 250.4 

EXAMPLE OF HEAD I IJG 

AS c APS DSC 

DOCK 5538.6 250.4 

UPS 

D PS LM 

h d g = 3  
h 

l i n e  2 

l a s t  

exarnple o f  heading---1 ine  1 

l i n e  3 

EXAPlPLE UF HEAU I IJG---L I i d €  1 
L I N E  L 
L I N E  3 ; 

ASC APS D S C  u PS 

uucc; 5538.6 250.4 

5 7 8 9 . 0  

L M 

5789.0 



EXAMPLE B-9 (Continued) 

hdg=2 
l a s t  

EXAMPLE UF H E A b  I CJG---L I IJE 1 
L I N E  2 

h=3 
h=tioceti t e r  
l a s t  

EXACIPLE OF t i  EAD I NG---L I NE 1 
L I N E  L 

LINE 3 

ASC APS DSC D PS 

DOCK 5538.6 250.4 

LIJI 

5789 .1 )  

LM 

5 7 8 9 . 0  

stop 

d f i n  
bTUP OH EN11 CUldMANU---KUfJ TERM I NATEO 

dU1.i I U J Li~ l  ACCOUNT : J L14 PKOJECT:  EXAMPLE 
TI i9E:  0U:OU: 02.438 I N :  80 OUT:  0 PAGES: 
l I J l T l c \ T l u ~  T IME:  18:58:37-JUN 2 5 , 1 9 7 1  
T E K M  I lw T 1 u 14 T I M E : 1 9 : 3 I) : 3 S - J b N 2 5 , l  Y 7 1 
CUKE-akCUidUS: i b  
I U  couri-r: d 6  
CIdArtGE: U.t j17 



EXAMPLE B-10 

ERROR MESSAGES 

Uxqt wap*wap. lm 
nd 

IJ 0 

p=r'r;d 

asc=5800 

IJD ' NOT HECOGNIZED 

P=EJD 

A S C = 5 8 0 0  
140 EVENT S P E C I F I E D  YET---ABOVE L I N E  IGNORED 

AsCIJT-5800 
A B U V E  L I IJE I IJ EHHOK--- I GI'JOKED 

I b0CI; I iJ ' i J u T  6ECuGN I ZEL, 

dscnt 
ascnt=5800 

asc=58r)0 
dock i ng 

dVC K 
i s y = r J 3  
I aP=4il)u 

I J U  uI)KIJ T i l  I b t V E N T - - - A U U V E  L I iJE I GNUKtU 

u L14= - 5 d  
Liii-M~rE TU F I IJAL E V E N T - - - A W V E  L I N E  I GNUREL, 

' X A X X X A '  r4uT HECOGMIZED 

' O L D  ' N U T  RECOGNIZED 

d Iu=-bkJ 

xxxxxxxx  

0 1  d 

aps=old 
asc=asc+ 100 

dsc=dsc+asc 

pr  int=events--dscnt  

ASC=ASC+lOO 
V A R I A B L E  I S AN UNKNOWN---ABOVE L I NE IGNORED 

DSC=DSC+ASC 
ABOVE L I NE I I4 ERROR--- I GNORED 

ABOVE L I I 4 E  IGNORED (TWO OPERATORS I N  SUCCESSION) 
asc==50 

=2a  
ABOVE L I N E  

AIJUVE LINE 

A U V E  L I I J E  

H D U V i i  LlrJE 

asc-5d.2.3 

5=2.3 

GNOREO (TWO EQUAL S I G N S )  

GtJOKEU ( F I R S f  CHARACTER I S  AN EQUAL)  

GIIIOHEL, (TdO UEC I I 4ALS I fJ UNE NUMBER) 

GNQKliL, ( F I R S T  W H U  I S  A IJUMBEK) 



. 

EXAMPLE B-10 (Continued) 



APPENDIX C 

PROGRAMS AND SUBPROGRAMS 

SUMMARY AND LISTINGS? 

PRECPL 

PRECPL i s  t h e  precompiler,  which i s  used f o r  t n e  
i n i t i a l  set-up of t h e  problem. The u s e r  s u p p l i e s  d a t a  s F e c i -  
f y i n g  the  names of t he  columns and events  and t h e  i n i t i a l  
va lue  of each element of t h e  mat r ix  ( i n c l u d i n g  t h e  d e l t a -  
v e l o c i t y  and s p e c i f i c  impulse f o r  each b u r n ) .  Each element 
nay be specif iec? as an un1mo.m o r  a coristant.  PRECPL uses  
t h e s e  d a t a  t o  gene ra t e  a main For t r an  program t h a t  i s  used 
with the  subprograms t o  so lve  t h e  s p e c i f i e d  problem. The 
only purpose of t h i s  generated main program i s  t o  supply t h e  
i n i t i a l  cond i t ions  and t h e  names of t h e  columns and even t s  t o  
the subprograms. Control  of t he  execut ion  i s  v i a  subprogram 
i3@DY, which i s  c a l l e d  by t h e  main program. The mein program 
genera ted  f o r  t h e  examples shown i n  t h i s  memorandum, c a l l e d  
LM, i s  l i s t e d  a t  t h e  end of t h i s  appendix a f t e r  t h e  l i s t i n g  
of PRECPL. 

P M C P L  i s  se l f -conta ined  and does n o t  r e q u i r e  any 
of t h e  o t n e r  subprograms. 

B@DY 

BPDY i s  tiie primary p a r t  of t h e  program. I t  i s  
c a l l e d  by t h e  genera ted  main program, and it governs t h e  over- 
a l l  flow of t h e  execut ion.  I t  c o n t r o l s  t h e  reading  of a l l  i npu t  
d a t a  and determines what t o  do wi th  t h e  i a t a .  F i r s t ,  each inpu t  
command o r  d a t a  ca rd  i s  examined f o r  e r r o r s  i n  format.  Then 
3gDY proceeds t o  car ry  o u t  t h e  command o r  update tiie mat r ix  with 
t h e  new d a t a .  When a "LAST" card i s  r e c e i v e d ,  S g D Y  begins  t h e  
process  of s o l v i n g  f o r  t h e  unknowns i n  t h e  mat r ix .  The a c t u a l  
s o l u t i o n  i s  accomplished by a series of c a l l s  t o  o t h e r  subprograms. 
I f  a s o l u t i o n  i s  obta ined  it i s  p r i n t e d  i n  accordance wi th  pre- 
v i o u s l y  given i n s t r u c t i o n s .  I f  there  i s  no s o l u t i o n  o r  an e r r o r  
has been made, t h i s  information i s  p r i n t e d .  R e - i n i t i a l i z a t i o n  
then  occur s ,  and t h e  program is ready f o r  new comiiands or d a t a .  

I TE RAT 

ITERAT i s  used whenever it i s  necessary  t o  perform 
t h c  i t e r a t i o n  process  descr ibed  i n  t h e  body o f  t h i s  memorandum. 
I n  t h i s  ca se  ITERaT performs the  fo l lowing  func t ions .  F i r s t ,  

t L i s t i n g s  are a t  the  end of t h i s  appendix. 
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an unknown v a r i a b l e  i n  the  matr ix  i s  selected and ass igned  
a va lue .  Then an a l ready  known element i s  s e l e c t e d  as a t a r g e t  
or comparison v a r i a b l e .  This  element i s  made an unknown, b u t  
i t s  a c t u a l  known va lue  i s  saved, The modified ma t r ix  is  
r e tu rned  t o  BgDY where an attempt i s  made t o  so lve  it w i t h  t h e  
assumed va lue  f o r  t h e  unknown, I f  a s o l u t i o n  t h u s  ob ta ined  
r e s u l t s  i n  a match between t h e  newly c a l c u l a t e d  and t h e  des i red  
va lues  of the t a r g e t  v a r i a b l e ,  the assumed va lue  is  t h e  correct 
one. I f  a match does n o t  occur ,  an a p p r o p r i a t e  modi f ica t ion  is  
made t o  the  assumed value and t h e  process  i s  repea ted .  T h i s  
i t e r a t i o n  is  continued u n t i l  t h e  proper  s o l u t i o n  i s  found, o r  
u n t i l  it Fs determined Lhat it cannot be found w i t h  t h i s  com- 
b i n a t i o n  o f  elements for  the  i t e r a t i n g  and t a r g e t  v a r i a b l e s .  
O t h e r  combinations are t h e n  t r ied  u n t i l  the proper  s o l u t i o n  i s  
found. 

Subrout ine  PPS i s  used t o  c e n t e r  t he  heading. Blanks 
a t  t he  beginning and end of the  heading are ignored ,  bu t  t h e  
spac ing  w i t h i n  the  heading i s  r e t a i n e d .  

P R I N T 1  

P R I N T l  i s  used t o  p r i n t  t he  ou tpu t  mat r ix  when the  
abbrev ia t ed  names (not  t he  more lengthy  labels)  are  d e s i r e d .  
T h e  proper  formats  are set  up,  depending on whether t h e  r e s u l t s  
t o  be p r i n t e d  a r e  s e n s i t i v i t i e s  o r  the normal va lues  of t he  
elements  of t h e  matr ix .  I f  an abbrevia ted  form of t h e  mat r ix  
( w i t h  some columns o r  events  d e l e t e d )  has been s p e c i f i e d ,  the  
r e q u i r e d  cond i t ions  a r e  se t  up. Then t h e  headings and va lues  
of t h e  elements  of t h e  matrix a r e  p r i n t e d  i n  accordance w i t h  
p rev ious ly  s p e c i f i e d  i n s t r u c t i o n s .  

PRINT2 

P R I N T 2  func t ions  e x a c t l y  l i k e  P R I N T 1 ,  except  t h e  more 
de ta i led  labels  are used, r e s u l t i n g  i n  a more complete desc r ip -  
t i o n  a t  t h e  expense of space. 

PRINT3 

PRINT3 is  similar t o  P R I N T 1 ,  b u t  it i s  used when the  
t a b u l a r  form of ou tpu t  i s  des i r ed .  

READ 

Subrout ine  READ i s  used t o  read  i n  d a t a  and commands. 
All 80 columns of a ca rd  a r e  r ead  and then processed.  Blanks 
a r e  ignored.  T h e  information is  checked f o r  e r r o r s  i n  format. 
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Information r e tu rned  t o  t h e  c a l l i n g  program inc lude  the  number 
of elwords" on the ca rd ,  the ope ra to r  a s soc ia t ed  w i t h  each word 
(+, -, *, /, or  comma), and the type  of word (alphanumeric 
characters o r  a l l  numbers). B o t h  i n t e g e r  and f l o a t i n g  p o i n t  
numbers are accepted by READ, b u t  i n t e r g e r s  are converted t o  
f l o a t i n g  p o i n t  be fo re  the  r e t u r n  t o  the c a l l i n g  program. For 
alphanumeric variables on ly  the f i r s t  s i x  c h a r a c t e r s  are con- 
sidered. 

ROCKET 

Slibroutine RPCKET is  used f o r  s o l u t i o n  of the  rocket 
RjdCKET so lves  the type  of problem diagrammed below. equat ion .  

I- EVENT A I INITIAL MASS = MI 

APPLICATION OF ROCKET EQUATION 

DELTA VELOCITY = AV 

SPECIFIC IMPULSE = ISP 

PROPELLANT MASS = MP 

CONSUMABLES MASS = MC 

I EVENT B -I FINAL MASS = MF 

T h i s  r e p r e s e n t s  a r o c k e t  s t age  w i t h  an i n i t i a l  m a s s ,  M I ,  and an 
eng ine  w i t h  an e f f i c i e n c y  cha rac t e r i zed  by t h e  s p e c i f i c  impulse,  
ISP.  I f  t h e  engine burns a p r o p e l l a n t  m a s s ,  M P ,  and t h e  amount 
of consumables (oxygen, water, a b l a t i v e  m a t e r i a l ,  e t c . )  used i s  
MC, t hen  t h e  f i n a l  m a s s  i s  MF = MI-MP-MC and t h e  v e h i c l e  expe r i -  
ences  a change i n  v e l o c i t y  of AV. These s i x  v a r i a b l e s ,  i n  any 
combination of knowns and unknowns, a r e  provided t o  RjdCKET. I f  
t hey  appear i n  a combination t h a t  cannot be solved because there 
a r e  too  many unknowns, RjdCKET r e t u r n s  t o  t h e  c a l l i n g  program w i t h  
a l o g i c a l  v a r i a b l e ,  WNE, set  t o  FALSE. I f  a l l  s i x  of the  i n p u t  
v a r i a b l e s  have known va lues ,  ROCKET checks them t o  be s u r e  they 
are i n t e r n a l l y  c o n s i s t e n t .  I f  they  are,  DjdNE i s  set  t o  TRUE 
b e f o r e  r e tu rn ing .  If they a re  n o t  c o n s i s t e n t ,  an error message 
(see l a s t  paragraph of t h i s  s e c t i o n )  i s  p r i n t e d  w i t h  a summary 
of  t h e  d a t a  and t h e  even t  they w e r e  a s s o c i a t e d  w i t h ,  and c o n t r o l  
i s  r e tu rned  t o  t h e  c a l l i n g  program. I f  a l l  s i x  i n p u t  v a r i a b l e s  
a r e  n o t  known, b u t  there i s  s u f f i c i e n t  d a t a  t o  determine one o r  
more of the  unknowns, RgCKET chooses the proper  f o r m  of t h e  
rocket equa t ion ,  and r e t u r n s  t o  t h e  c a l l i n g  program w i t h  t h e  
r e s u l t  and w i t h  DjdNE set  t o  TRUE. 
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RPCKET t r e a t s  t h e  consumables mass MC i n  one of  t w o  
ways, as s p e c i f i e d  i n  the c a l l i n g  argument LINEAR. I f  LINEAR 
i s  FALSE, t he  consumables mass i s  assumed t o  be removed d i s -  
c r e t e l y  a f t e r  the burn is completed Ci.e., enough p r o p e l l a n t  
must be provided t o  c a r r y  MC throughout t h e  b u r n ) .  I f  LINEAR 
i s  TRUE, t h e  consumables mass i s  assumed t o  be removed l i n e a r l y  
du r ing  the  burn. The  equat ions so lved  a r e  as fol lows:  

- 

A. For LINEAR = FALSE 

M I  = MF+MP+MC 

B. For LINEAR = TRUE 

M I  = MF+MP+MC 

Av = ISP*G*MP*~~\  ~ M I I  --- pq M I  -MF 

For some combinations of t he  s i x  i n p u t  v a r i a b l e s  a 
t r anscenden ta l  equat ion  i s  involved,  and i t e r a t i o n  i s  necessary  
t o  f i n d  a s o l u t i o n .  I f  t h i s  i s  at tempted b u t  convergence i s  n o t  
achieved,  t h e  error message 

***NEWTON-FWPHSON FAILED, EVENT ENAME 

i s  p r i n t e d ,  where ENAME i s  the  name of  the  even t  involved. 

If the d a t a  provided t o  RgCKET are i n c o n s i s t e n t ,  an 
error message of the form 

***DISCREPANCY ENCOUNTERED I N  ROCKET, EVENT ENAMJZ 
DV= 7 0 1 3 . 9 0  DVTEST= 6 9 6 1 . 2 7  I S P =  3 0 2 . 3 0  
M I =  3 7 0 0 0 . 0 0  MP= 1 8 8 7 2 . 8 0  MC= 1 2 7 . 2 0  ME’= 1 8 0 0 0 . 0 0  

i s  p r i n t e d  where the numbers shown a r e  t y p i c a l .  
the  name of t h e  event  involved. DV i s  the d e l t a  v e l o c i t y  t h a t  
w a s  provided t o  RgCKET. DVTEST i s  the d e l t a  v e l o c i t y  t h a t  w a s  
c a l c u l a t e d  from the o t h e r  q u a n t i t i e s  t h a t  w e r e  provided t o  
RPCKET. ISP,  M I ,  M P ,  MC, and MF are t h e  v a r i a b l e s  t h a t  w e r e  
de f ined  earlier i n  t h i s  s ec t ion .  

Again, ENAME i s  

SUMS - 
Subrout ine SUMS is given an a r r a y ,  A,  of N numbers p l u s  

a variable SUM, which r ep resen t s  the sum of t h e  numbers i n  A. 
These N f l  variables may be given i n  any combination of knowns 
and unknowns. If S U M  and a l l  of t h e  A ’ s  have v a l u e s ,  SUMS checks 
t h e  v a l i d i t y  of SUM. I f  a discrepancy is  found, an error message 
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is p r i n t e d  w i t h  a summary of t h e  d a t a  and the event  they w e r e  
associated w i t h ,  and c o n t r o l  i s  r e tu rned  t o  t h e  c a l l i n g  program. 
If S U M  and the A ' s  are c o n s i s t e n t ,  SUMS r e t u r n s  w i t h  a l o g i c a l  
v a r i a b l e  D@NE set t o  TRUE. If only  one of the N + 1  v a r i a b l e s  
is  unknown, SUMS c a l c u l a t e s  the unknown v a r i a b l e  and r e t u r n s  
t o  t h e  c a l l i n g  program w i t h  DfdNE set t o  TRUE. I f  there i s  more 
than  one unknown, SUMS r e t u r n s  t o  the c a l l i n g  program w i t h  DgNE 
se t  t o  FALSE. 

T h e  error message t h a t  is p r i n t e d  i f  t h e  d a t a  are i n -  
c o n s i s t e n t  i s  of t h e  form 

***DISCREPANCY ENCOUNTERED I N  SUMS,  EVENT ENAME 

SUM= 5000.0 SUMTST= 5583.5 A= 5683.20 -99.70 

ENAME i s  t h e  name of t h e  event involved.  SUM is  the  sum t h a t  
w a s  provided t o  SUMS. SUMTST is  t h e  sum t h a t  w a s  c a l c u l a t e d  
from t h e  other q u a n t i t i e s  t h a t  w e r e  provided t o  S U M S .  A is  
the a r r a y  of N numbers. 

TEST 

TEST i s  called by BgDY whenever an i t e r a t i v e  procedure 
i s  r e q u i r e d  t o  so lve  the problem. TEST determines whether or 
n o t  s u f f i c i e n t  information is a v a i l a b l e  t o  o b t a i n  a complete 
s o l u t i o n  t o  the problem. The number of independent,  known 
elements  i n  the mat r ix  must equal  a c r i t i c a l  va lue  i f  the  ma t r ix  
is  t o  be completely determined, T h i s  c r i t i ca l  number i s  equa l  
t o  t h e  t o t a l  number of e l e m e n t s  i n  t h e  ma t r ix  minus the  t o t a l  
number of independent equat ions r e l a t i n g  t h e s e  elements.  TEST 
begins  by c a l c u l a t i n g  t h i s  c r i t i c a l  number. Each element whose 
va lue  i s  known i s  then  examined t o  determine whether o r  n o t  it 
i s  independent of a l l  o the r  known e l e m e n t s ,  and t h e  t o t a l  number 
of independent ,  known elements is found. I f  t h i s  number is  equa l  
t o  the  c r i t i c a l  number, a complete s o l u t i o n  can be found. I n  
t h i s  case, c o n t r o l  i s  re turned  t o  BgDY which procedes t o  s o l v e  
t h e  problem us ing  i t e r a t i o n .  I f  the t o t a l  number of  independent 
known elements  i s  less than  the c r i t i ca l  number, t h e  data i n p u t  
t o  t h e  program is i n s u f f i c i e n t  t o  completely so lve  t h e  mat r ix .  
I n  t h i s  case, c o n t r o l  i s  re tu rned  to  BfdDY where the message 

N@ SOLUTION--DATA INSUFFICIENT 

i s  p r i n t e d  o u t ,  and no f u r t h e r  a t t empt  is made toward s o l u t i o n .  



I 
L 
5 
4 
5 
0 

7 
J 
9 

10 
11 
12 
13 
l+ 
It, 
1 t> 

17 
iL3 
1 '4 
LL) 
21 
22 
2.3 
24 
25 
20 
27 
2b 
2 '3 
3 u  
31 
32 
33 
34 
55 
3u 
37 

3 9 
*Ll 

4 1  
42 
+ 3  
44 
45 
46  
47 
4d 
4 9 
!3L1 
51 
52 
s3 
59 
55 
50 

c 

c 
e 

c 

c 

c 
c 
c 

ZS 
;if> 

27 
L 
C 
L 

C 
C 
c 

5 0 

CI iECK Ct i4KACTERS Ot.1 C A R D  FOtt V A L I D I T Y  



PRECPL 

37 
56 
SY 
bi) 
tli 
bz 
63  
b4 
62 
Go 
ti37 

Vd 
69 
76 
71 
72 
7.5 
7* 
7s 

7 /  
7d 
79 
d0 
81 
02 
83 
dLC 
t33 
bo 
87 
66 
89 
9 u 
9 1  
Y L  
93 
9 4  
Y 3  
Y o  
97 
9U 
99 

l U L l  
1 0 1  
102 
1 0 3  
104 
lilt, 
1 0 0  
1 0  7 
1 U d  
l U 9  
110 
111 
112 
11.5 

7 I _  I U  

35 

4u 

4 1  

4 2  

Y 3  

q y 

c 
c 
c 

4 5  

46 

c 
c 
c; 

47 

43 
4 9  

su 

51 



. 

114 
115 
I10 
1 1 7  
1 Id  
11Y 
120 
121 
122 
125 
129 
125 
120 
127 
12% 
1ZY 
150 
151 
132 
155 
134 
1.53 
130 
131 
1-56 
139 
i 4 d  
141 
142 
143 
144 
145 
140 
147 
14d 
144, 
151, 
151 
152 
153 
1 S4 
155 

157 
150 
159 
luu 
lo1 
102 
163 
104 
iu5 
lot, 
167 
ibd 
1 bY 

17d 

156 

c 
c: 
c 

52 

53 

5 5  

37 

a 

5 I;; 

59 

b l  



PI-? E C P L 

171 
17L 
173 
1 7 4  
175 
170 
177 
178 
1 7 Y  
18U 
161 
182 
i d 3  
184 
18s 
l t 3 V  
187 
A t J d  
.!, 99 
193 
i c l l  
192 
193 
191+ 
193 
130 
197 
19d 
1Y9 
LUJ 
LO1 
LUL 
23.3 
204 
LUL, 
L O b  
207 
2 O d 
LO') 
213 
211 
212 
~ 1 3  
L l l c  
215 
L i W  

217 
218 
219 
223 
221 
,222 
223 
224 
225 
220 
227 

b .5 
b4 

b 5 

Gt> 

70 

71; 

b 0 
b5 

c 
L 
L 
i 1 t! 

111 

114 

l i D  





285 
200 
Ld7 
LbB 
d B 9  
290 
291 
292 
293 
24+ 
295 
290 
297 
29d 
29-3 
3 U U  
30 1 
JOL 
30.3 
304 
305 
30b 
307 
Jilt, 
3or 
31 U 
311 
J1Z 
51.3 
314 
315 
3lb 
317 
. 3 l G  
3 1 Y  
320 
321 
322 
325 
324 
325 
32t> 
327 
320 
329 
33u 
J31 
332 
33s 
334 
35s  
55b 
357 
33u 
d3Y 
34 0 
341 



P H E C P L  

342 
343 
344 
345 
340 
347 
346 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
559 
56 3 
56 1 
362 
363 
564 
565 
366 
367 
368 
569 
37 0 
37 1 
372 
373 
374 
375 
37b 
377 
370 
379 
58 0 
381  
,382 
383 
384 
585 
38b 
387 
388 
389 
39u 
59 1 
392 
393 
394 
395 
596 
597 
398 

a a  

240 

24 5 

L46 

247 

248 

FSO 
255 

260 
265 

C 
C 
c 

L70 

SO0 

505 

510 

bo T C  25 
l F ( o t ~ O T o F L R G l o A N D o o N O T o F L A G 2 ) G O  T O  270 
l F ( F L A 6 3 ) G O  T O  250 

U R I i 4 T  240 
F L A G 3 = o T R U E o  

FORMAT('  BURN ANL;I/OR WEIGH'I CHANGES SPECIFIED FOR F I N A L  EVENT - NO 
.hE A L L O W E D ' / '  VVLASTQV ABOVE IGPJORED - " L A S T * '  A G A I N  I F  BURN A N D /  
.C)k C H A N G E S  TO BE DELETED') 
b0 TO 25 
I F ~ I C O ~ o G E o ~ o A i ~ D . I R O W ~ G E o ~ ~ G O  TO 247 
k'k11'4T 246 
F O R M A T (  AT L E A S T  THREE C O L U M N S  AND TWO E V E N T S  S E Q U I R E D  - HUN 1 t R M  

S T O P  
I F  ( F L A G ~ I G O  T O  248 
I F ( . N O T O F L A G 2 ) G O  TO 270 
bv Ti, 250 

.I r\ lATEU 9 1 

l f i U R N ( L H O W ) = O  
L I NF L G  ( I R 0 W 1 = F A L S E  
1 2 = 2 * 1 H O W - 1  
V A H ( I C O L + ~ , I L ) = O .  
V A R ( I C O L + 2 , I Z ) = O .  
Pt?l!\IT 255 
F O R M A T (  * F I N A L  d U R N  AND/OR W E I G H T  CHA'JGES I G i I O R E D '  1 
GO TO 270 
P V I i J l  265 
F O R M A T ( '  AuOVE L I V E  I N  ERROR - I G N O R E D ' )  
u0 TO 25 

W F i I T E  PHOGHAM 



4 . 

PHLCCJL 

399 
40u 
401 
902 
403 
rU4 
405 
l t U 0  
4u7 
008 
40Y 
410 
411 
412 
415 
414 
41s 
416 
u17 
4ld 
413 
42cl 
421 
422 
423 
424 
425 
420 
rr27 
42d 
424, 
q 3 u  
431 
q3.2 
433 
434 
435 

437 
438 
439 
44cl 
441 
442 
443 
444 
44b 
446 
447 
443 
449 
450 
451 
452 
453 
451) 
455 

436 

225 
e 

53 t) 

. . 
335 

34 0 

345 

350 

355 

3b 0 

37u 
375 

360 

3b5 

J Y 9  
39 5 



P f3 tl c I ' L . 



1 
2 
3 
4 
5 
0 
7 
t3 
9 

1 0  
11 
12 
13 
14 
15 
16 
1 7 
Id  
19 
20 
21 
22 
25 
24 
25 
26 
27 
28 
L Y  
30 
31 
3 2 
33  
34 
5 s  
30 
31  
30 
.!I9 
49 
41 
4L 
4s 
44 
‘+ 5 
1+ b 
47 
46 
49 
5 U  
51 
52 
53 
54 
55 
5h 

2 
LJA T k  ICM1/ 4/, ICOL/ 51, ICP1/ 6 / ,  ICP2/ 7 /  

.,IRVl/ 31, IHOi t i /  4/? IRX2/ 7 /  
C 

c 

c; 

C 

C 

c 

c 





1 
2 
3 
4 
5 

b 
7 
d 
3 

Ill 
11 
12 
IS 
14 
15 
16 
1 '7 
i d  
14, 
LO 
21 
22 
23 
23 
25 
26 
2 7 
2d 
24, 
30 
3 1  
32 
35 
34 
35 
36 
3 -7 
3d 
3Y 
40 
4 1  
Lcz 
45 
44 
45 
40 
47 
48 
43 
50 
5 1  
52 
53 
54 
55 
50 



57 
5a 
59  
6 0  
0 1  
62 
bh 
u4 
6 5  
6v 
b -? 
bd 
V Y  
70 
7i 
72 
73 
74 
75 
70 
i r  
76 
79 
13U 
81 
dL 
a.3 
64 
85 

8 .I 
H& 
89 
9 0  
91 
9 L 
93 
94 
95 
96 
97 
9d 
9 Y  

l U U  
101 
102 
105 
1 0 4  
105 
106 
107 
1utl 
109 
11u 
111 
112 
113 

- --. 

8 tJ 

c 

c 

c 

c 
c 
c 

c 
c 
c 

Ab0 

ilLl 

i L n  

12 5 

130 

1414 

A 5 3  



bOOY 

114 
115 
116 
117 
118 
119 
123 
121 
122 
123 
124 
125 
126 
12 7 
126 
129 
130 
131 
132 
133 
134 
135 
13, 
137 
150 
139 
140 
141 
142 
143 
144 
14s 
140 
147 
14b 
14s 
1SJ  
lsi 
152 
153 
154 
155 
156 
157 
158 
1 5 Y  
l 0 U  
161 
162 
163 
l b q  
165 
166 
lb7 
1bd 
169 
17d 

170 

It50 
190 

c 
C 
C 

L b 0  

c 
c 
i 



171 
172 
173 
174 
175 
17u 
177 
176 
179 
1W-J 
181  
182 
183 
It)* 
18b 
18b 
1137 
188 
189 
J.YU 
191 
192 
193 
194 
195 
196 
19 f 
198 
193 
L U d  
L U l  
LUL 
LO3 
LO+ 
203 
2 0 0  
LU 7 
L O B  
209 
L 1 U  
211 
212 
213 
L1* 
215 
L l i ,  
217 
Lld 
219 
CLU 
221 
22L 
2 2 3  
224 
L Z S  
220 
227 

340 

c 
C 
C 
c 

4uo 

4 u 5 

445 

450 

455 
'+ t, 0 
l+b5 

c 

c 
L 
C 

ab 0 

tO 10 200 
I F  ( JJI~ . idE . ITFL. ANY. Jk .NE . t rU IT  ) GO TO 4 0 0  
1'1 TI-LG=Jlr( 
GO T O  200 



L2d 
229 
L3U 
L A 1  
232 
235 
239 
Ch5 
L5b 
237 
2.30 
239 
240 
241 
242 
24.3 
244 
24s 
240 
247 
L4b 
249 
250 
251 
2% 
253 
2 54 
LS5 
25b 
" 5 7  
2% 
ci SY 
260 
,261 
26s 
20.3 
2 6 4  
L o t ,  
260 
267 
Lbd 
209 
270 
~ 7 1  
272 
273 
L74 
275 
276 
277 
278 
274, 
2 8 U  
281 
282 
283 
28% 

355 

54 0 

34 5 

3 5 0  

555 

375 
560 
265 

c 
C 
c 

0 0 U  

Pt{Ii\IT COMlJlAhD WITH CHANGES TO PRIIJT MATRIX 



265 
286 
287 
20b 
289 
291, 
291 
292 
295 
294 
29 5 
290 
297 
29a 
294 
300 
so1 
302 
505 
304 
3 U S  
3U6 
507 
3ob 
3 U 9  
3 1 U  
311 
51.2 
513 
314 
315 
316 

518 
319 
32u 
,321 
322 
523 
324 
325 
326 
327 
326 
329 
331) 
331 
332 
333 
334 
335 
33b 
537 
558 
539 
540 
541 

317 

020 

0 4 0  

b60 

c 

c 
C 
C 

7 U  0 

720 

7 50  

74 0 

?45 

750 



3 O O Y  

342 
3 4 3  
344 
345 
346 
3 4 7  
34d 
5 4 9  
350 
3 5 1  
552 
353 
354 
335 
356 
351 
358 
359 
300 
361 
362 

364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
37b 
377 
378 
379 

58 1 
31)2 
38.3 
384 
385 
396 
387 
386 
3 8 Y  
39u 
39 1 
392 
393 
3 9 4  
395 
396 
397 
398 

ZA 1 
""V 

380 

760 

7 7 0  

-700 

7YO 

C 

C 
C 
C 

d00 

610 

320 

d30 

b40 

0 5 0  

b60 

IF (NAME.NEmSTEP)SO TO 900 

STEP COMYAfJD 



599 
40u 
4U1 
qui? 
403 
404 
405 
4 0 0  
4u7 
4 013 
4 0 9  
4 1 0  
411 
412 
413 
4 14 
+13 
416 
417 
Ltld 
419 
Y L O  
I+.? 1 
4.22 
423 
424 
425 
420 
42  7 
4 2 b  
414, 
43u 
431 
<+32 
453 
454 
455 
43b 
457 
436 
$39 
+40 
441 
i)4L 
443 
444 
445 

447 
448 
449 
45u 
451 
452 
453 
4 54 
455 

44b 

C 

c 
c 
c 

900 

YUS 

910 
'920 
Y 3 0  

940 
YSU 

c 
l U O O  

C 
il0U 

1110 

1150 
1160 

c 
1200 

C 

c 
A 3 U ( i  

HLAO tiEADIIIG 



456 
457 
458 
454 
4 6 d  
i)bl 
462 
463 
464 
465 
4bO 
467 
40d 
409 
470 
471 
472 
47.3 
474 
475 
476 
477 
478 
479 
480 
481 
462 
483 
4d4 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
494 
5 0 0  
501 
SOL 
503 
504 
505 
50b 
5137 
508 
509 
51  0 
511 
512 

c 
C 

c 

c 
C 
C 

iSSlj 

c 
c 
C 
- 1 LcQU 

1410 
1415 

1420 

1925 

i43ci 

1435 

144U 

1445 

145u 

I F  (hAi4E . IJi i  ITFL. A:JD . NAME . NE . I X 1 GO TU 1400 

I T E H A T E C 0 ib: M A  i;rD 



513 
5 1 V  
515 
510 
517 
Sld 
> l Y  
52 il 
52 1 
52L 
323 
524 
525 
SLb 
SL7 
523 
52Y 
539 
531 
532 
533 

535 
53b 
53 7 
55d 
5 3 Y  
540 
541 
342 
54 3 
54'4 
545 
346 
547 
548 
549 
55u 
551 
552 
553 
554 
555 
55b 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
5b7 
568 
569 

L Z  1 J J T  

1455 

C 
C 
c 
1500 

c 
c 
c 

lboi)  

1 i r i L  
A V U J  

1 6 1 0  

c 
C 
C 

1700 

(LAST'  CARD---BEGIN COMPUTATIOY 

SAVE CURRENT VALltES AND I N I T I A L I Z E  

COMPUTATION LOOP 



BODY 

570 
571 
572 
573 
574 
575 
576 
577 
576 
379 
560 
581 
582 

si34 
5d5 
586 
587 
588 
589 
s4u 
591 
59L 
593 
594 
595 
596 
597 
596 
599 
000 
5 0 1  
002 
605 
004 
6 0 5 
000 
607 
0 0 8  
009 
0 1 3  
011 
b12 
015 
b14 
015 
b10 
617 
O l d  
614, 
621) 
021 
622 
623 
624 

sa3 

bL5 
620 

171U 

1715 

0 

1720 
1730 

0 

1735 

1740 

0 

1745 

0 

1750 

1770 



. 

62 7 
b2d 
624, 
6.30 
631 
632 
635 
b34 
635 
b 30 
637 
638 
639 
640 
041 
042 
043 
644 
645 
646 
647 
049 
643 
650 
651 

b53 
654 
655 
650 
057 
656 
6 59 
060 
b61 
662 
663 
664 
665 
06b 
bb7 
668 
669 
b7u 
0 7 1  
072 
073 
674 
b75 
67b 
677 
b7b 
b79 
680 
681 
b82 
683 

b52 

C N3T ElJOUGH DATA 
C 
1820 I F  ( I T H A T E  e E Q *  YES *AND. I T F L G  .NE* YES) CALL TFST ( I R U R N t I R K C t  

I H O C K v J C O L ~ L I N F L G t N R O N t V b . R v y j l 8 4 0 )  
IF(ITHATE.EU,YES)GO TO 1860 
F'RIhT 1830 

GO TO 188'3 
1840 P R I h T  le5o 

1830 F O ~ ? M A ' I ( *  ,do SOLUTION--DATA IMSUFFICIENT (NO ATTEvPT TO I T E R A T E ) ' )  

1910 
1920 

c 
C 
c 

L U O O  
LUSU 

e 

C 
C 
c 

CALCULATE SENSIT I V I T I E S  

Pi< I i \ T  RESULTS 



. 

G t j 4  
085 
o8b 
bU7 
088 
069 
09 0 
691 
692 
695 
6 9 4  
6Y5 
090 
b97 
e98 
099 
7 0 0  
701 
70.2 
7 0 3  
704 
705 
7irb 
7 0 7 
703 
7 0 9  
71U 
711 
7 1 2  
7 1J 
714 
713 
710 
717 
716 
719 
72U 
721 
722 
725 
724 
725 
72t1 
72 7 
728 
729 
7 3 0  
7 3 1  
732 
733  
7 34 
755 
730 
737 
73d 
754, 
740  

71)1 

C 
C 
C 
d500 

2550 

2575 

?: 
c 
C 

C 
c 
C 
C 
c 
c 
C 
- 
L 

10 

LO 

30 

rc0 

so 

PtcIkT E R W R  MESSAGES 

SURHOUT I Nt i  VAHaLE ( NAMii t I T A G  t INDEX v RTN 1 

SURHOUTItlE VAKHLE: OETtRMIFIES I F  hJAW€ IS (rNF OF THE 
I)IFIEI.J~LO~JED VARIABLES OEFIfJING THE MATHTX. I F  SOP I T  
;IE'TUi+NS A NIJIVIREI: I T A G  IWHICH I D E V T I F I E S  THE (TAG* ASSOCIATED 
d I T W  T t i C  VARIABLE AFlD I T S  SUbSCRIPT (INDEX) 
IF lwir I T  RETUFfdS T O  STATEMENT ;.SUM8E9 PTW. 

L L ) ) G O  TO 20 

L L ) ) G O  TO 30 

I F  ( NAME. NE T ~ d l  (LL 1 1 GO Tc 40 
ITAG=4 
GO TO 50 
C ONT I NUE 
trETU~i\r 4 
lNDEX=LL 
HkTLIRIU 

tNO 



1 
L 
3 
+ 
3 

7 
6 
9 

l U  
11 
12 
15 
14 
15 
lU 
1 7  
l.3 
19 
2 0  
21 
22 
2.3 
23 
LS 
20 
27 
ZY 
2 9 
30 
31 
32 
3.3 
54 
35 
36 
37 
36 
39 
4u 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
SC! 
53 
54 
55 
50 

0 



I T L H A T  

57 
58 
59 
6 d  
b l  
62 
63 
64 
b5 
66 
67 
b8 
69 
79 
71 
72 
7 5  
74 
75 
i o  
77 
7d 
7 9  
tlu 
81 
82 

ti4 
85 
86 
0 7  
dd 
89 
9i) 
91 
92 
95 
94 
93 
90 
97 
98 
99 

I d 0  
101 
102 
103 
104 
105 
1 0 6  
107 
10d 
1 0 9  
1 l U  
ill 
112 
113 

- 

a3 

250 

c: 
c 
c 

S U O  

a10 

315 

220 

4.30 

54 0 

3 5 0  

355 

360 

J 7 U  

360 
3tr5 

J 9 G  
c 
C 
c 

F i r J D  A;J I N I T I A L  GUESS FOR I 'TERATION 



. 

114 
115 
llc, 
117 
li6 
119 
120 
121 
122 
1 33 
124 
125 
126 
127 
110 
129 
130 
131 
132 

134 
135 
13b 
137 
138 
139 
14U 
141 
142 
143 
144 
143 
14u 
147 
14tl 
149 
i 5 0  
151 
15.2 
153 
154 
155 
150 
157 
15s 
is9 
1 6 U  
161 
1b2 
165 
IO+ 
lo5 
lbu 
107 
lbd 
163 
170 

1 1 1  
A d d  

400 

c 
c 
C 

so0 

c 
C 
C 
C 

uo0 

C 
c 
c 

C 
c 
C 

b r U  
uofl 

c 
c 
c 

7UO 

V A P I A Y L ~ S  HAVE bEEN CtiOSEN--RESUYE CALCULATIONS 

T i l 1 5  IS  AT LEAST SECCND ITEkATIOt4  FOR THFSF: VARIABLES 
---CONTINUE 

W W  MArJY ITEPATICdS SO F A R ?  



171 
172 
173 
174 
17s 
170 
177 
17d 
179 
1t3U 
It51 
182 
183 
104 
lt!3 
l a 0  
lt)7 
183 
lt33 
193 
i3l 
192 
i93 
1Y4 
195 
19b 
lY7 
iYd 
193 
2 0 0  
201 
202 
2 0 5  
2 0 r  
LO5 
200 
L 0 7 
206  
204, 
L1U 
211 
212 

c 
L 
C 

7 5 0  

2 
c 
c 
‘> 0 (1 

I‘ b 

c; 
C 

5&3KOUTINE INlT ,. 
\r 

A 0  

L O  

3 0  

+U 
c 

c 





P R I d T l  

E L I M I N A T E  UNWANTEO COLUMNS 57 
56 
59 
60 
61 
bL 
6.3 
61) 
05 

67 
btj 
69 
7 0  
71 
72 
73 
74 
75 
7b 
77 
7d 
73 
0 0  
dl 
82 
d.3 
84  
85 
a0 
87 
86 
8 3  
YO 
91 
92 
93 
9 1+ 

Yb 
90 
37 
Yb 
99 

100 
A U l  
102 
103 
1 U 4  
105 
1 U O  
I O 7  
108 
1 0 9  
11u 
ill 
l l c  
113 

00 

C 
C 

C 
C 
C 

c 
c 
C 

220 

240 
LbO 

2HO 

L4 0 

3 t, 0 

Pti I h T  H L A D  I NG 



, 

L19 
115 
116 
117 
l l b  
119 
12Ll 
121 
122 
123 
12* 
123 
12Lb 
is7 
1La 
129 
130 
131 
132 
133 
134 
135 
15b 
137 
136 
139 
i49 
141 
142 
145 
144 
145 
140 
147 
148 
149 
15U 
151 
152 
153 
154 
155 
15b 
15 7 
15d 
159 
160 
161 
162 
163 
104 
165 
160 
167 
16d 
169 
17d 

C 
c 
i; 

i 
C 
I: 

c 
c 
C 

1 0 0  

750 

d u o  
c 
C 
C 
C 

Y U U  

c 
c 
C 

t 'liIldT O i L T A V  AfJu ISP D A T A  

R t I N I T I A L I Z E  



2 

i t i  

L U  

t> IJ 



1 
2 
.3 
4 
5 

7 
t3 
3 

l U  
11 
11 
1.5 
14 
15 
lo 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
1 d  
29 
5u 
31 
3L 
35 
34 
3s 
33  
37 
3d 
39 
40 
41 
4L 
45 
34 
4t, 
30 
Y 7  
4u 
v 9 
s u  
sl 
S2 
ti5 
5 lt 
5 5 
36 

0 

c 
ttEAL 

CPPT (ICOL) p 

CEYTFK/'CENTERq/ 
HDG /*HDG Q /  

PDFLTA 

c 
L 
c 



PR I N T 2  

C 
c 
C 

1 1 0  

L2G 

;9s 

C 
L 
c 

i 

c 
L 

E t I M I i J R T E  UI\IWANTLO C O L U M N S  

P t< I1 iT r i t l  AU I luG 



PHIirT? 

114 
115 
1 l o  
i l ?  
11‘3 
119 
120 
121 
122 
115 
124 
12s 
110 
12 7 
12d 
129 
1 3 U  
131 
132 
1 \ 5  

134 
155 
130 
15I 
136 
133 
1 Q U  
1r1 
142 
143 
144 
143 
i 4 D  
147 
143 
149 
15U 
151 
152 
153 
i54 
153 
150 
157 
153 
L 5 9  
IOU 
lo1 
162 
lb5 
1 bl+ 
l b 3  
160 
lo7 
16a 
163 
L71) 

-1- 

s7 0 

440 
450 

i 
c 

C 
c; 
c 

C 
c 



I I 

171 
172 
173 

175 
176 
177 
178 
1 7 Y  
180 
lbl 
18% 
183 
184 
185 
18b 
187 
168 
ld9 

191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
LO1 
202 
203 
204 
205 
206 
207 
LO8 
209 
210 
211 
212 
21.3 
214 
215 
216 
217 
2113 
219 
220 
221 
222 
223 
224 
225 
22b 
227 

179 

i C l l l  A 7 W  

050 
C 
C 
c 

7cI 0 
710 

C 
C 
C 

60 0 

c 

C 
C 
c 

d50 

9 b  0 

C 
C 
C 

C 

C 
C 
c 

c 

10 

LO 

30 

40 

C ON T I lvUE 

ICOL=ICOL~V 
I HO w = I i i  0 VJ sv 
XCP1=ICOL+1 
IS TAT=NO 
FRIPvT 410 

INTERNAL SUBROUTINE 

SUBROUTINE N X ( K , F )  

I hTEKAAL SUBROUT I NE 

? IC0 



228 
229 
23d  
231 
232 
233 
234 
235 
230 
237 

PRINT2 



P R l i J T 3  

1 
2 
3 
4 
5 
h 
7 
t3 
9 

LO 
11 
12 
13 
14 
15 
It, 
17 
10 
iy 
20 
ill 
22 
25 
24 
25 
26 
2 'I 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
311 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
5 U  
51 
52 
53 
54 
55 
56 



PHIIJT3 

57 

5 3  
6d 
61 
bL 
6 3  

, 64 
65 
66 
b7 
66 
b3 
70 
71 
72 
73 
74 
75 
76 
77 
7 b  
79 
80 
81 
82 
OJ 
84 
85 
8b 
87 
8 8 
89 
9 U  
91 
92 
93 
94 
95 
96 
97 
98 

I 58 

LO 
Lb 
LO 

C 
C 
C 

5 0  

35 
C 
C 
C 
40 

42 

44 
46 
46 

c 
C 
c 

PiiIFJT COLUMN HEADINGS 

SORT 3ATA T O  BE F'liIrJTED 

PHINT DATA 



HEAD 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

12 
13 
14 
15 
16 

i 17 
18 
19 
2 0  
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

49 
50 
51 
52 
53 
54 
55 
56 

I 11 

48 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 

SUBROUTINE READ READS A C A R G  CONTAINING ONE OR MORE WORDS 
(VARIABLES AND/OR NIJMBERS) AND ASSOCIATFD OPERATORS, 

COLUMN I S  AN ARRAY I N T O  WHICH THE 80 COLIJMNS OF THF CARD ARE READ 

WORD Is AN ARRAY CONTAINING THE VARIABLES AND/OR FLOATING 
POINT NUMBERS. 

IOP INDICATES THE OPFHATOR ( + P - P * P / )  ASSOCIATED WITH 
THE VJOHD, 

ITYPE IhDICATES VHETHER WORD 1s A VARIAel-E OR NUMBER. 

I F  PRINT=DATAv THE CARD WILL BE PRINTED OUT AS READ. 

IdORD I S  THE NUMHER OF WORDS (VARIABLES AND/OR NUMBERS) 
ON THE CARD. 

I F  AN END-OF-FILE I S  ENCOUNTERED, READ RETURNS TO 
STATEMENT F\IUMBER 'STNMBR' I N  THE CALLING PROGRAM. 

EACH WORD MUST HAVE AN ASSOCIATED OPERATOR, EXCEPT THE 
FIRST TWO WORDS, THtl FIRST WOR3 HAS NO OPERATOR, I F  NO 
OPERATOR I S  SPECIFIED FOR THE SECOND WORD, A '+' I S  
ASSUMED. I F  THERE ARE TWO OR MORE WORDS, THE F IRST MUST 
dE FOLLOblED t3Y A N  *= '  ANY CHARACTER Of? NUMBER EXCEPT 
)= '  IS PERMITTEE I N  THE F IRST WORD, BUT THE FIRST WORD 
MUST HAVE AT LEAST ONE NON-NUMEqICAL CHARACTER. ANY 
CHARACTER OR NUF'BER EXCEPT '='P ' + * #  '-0 ' * ' e  */'P 0 0  

IS PERMITTED PER CARD, AND TWO 9PERATORF Y A Y  NOT APPEAR 
I N  SUCCESSION. dLANKS ARE IGNOREDI AND I F  ANY WORD 
(EXCEPT A NUMBEk) HAS MORE THAN b CHARACTERS, ONLY THE 
FIRST 6 ARE CONSIDEPED, 

r)R 9 . 9  I S  PERMITTED I N  SUBSEQUEYT WORQS. ONLY ONE *= '  

UIMENSION I O P ( 4 0 )  P ITYPF ( 40 
0 e J ( 4 0 )  I K ( U 0 )  WORD f 40  1 

C 
INTEGER COLUMN(80) P COMMA 1' '/ 

.,DATA /'DATA ' / P  END /'END ' / P  EQlUAL / '=  ' / 
NUYBFR/~NUMRER'/ .,IBLANK/* ' / e  MINUS /'- ' / e  

.,PLUS / '+ '/ P POINT / ' o  ' / ?  PR-I Nf 
*rSLASW / ' /  ' 1 ,  STAH / ' *  ' / P  TEMP(20r40)  
.rVARbLE/*VARBLE'/ 

C 
C I N I T I A L I Z E  
C 
1 I E Q ~ A L = O  

I P 0  INTzO 

I O P ( I ) = I B L A N K  
I T Y P E ( I ) = I B L A N K  

IWOHD=O 
Do 10 I=1 ,40  



57 
5d 
59 
60 
61 - - 
62 10 
63 C 
64 C 
65 C 
66 20 
67 
68 
69 22 
70 c 
7 1  C 
72 C 
75 - ._ _ _  
74 
75 
76 
77 
78 
7 9  
80 
81 c 
82 c 
83 c 
811 SO 

80 32 
87 
83 34 
89 
9 0  
91  c 
92 C 
93 C 
94 L)o 

95 
90 
97 - I 

98 
99 C 

1 0 0  C 
1 0 1  C 
102 30 
1 0 3  
104 
1 0 5  
l o t ,  52 
107 
l U E 3  54 
109 
110 
111 C 
112 C 
113 C 

- __ 

a5 - 

READ 

READ A DATA CARD 8 PRINT I T  OUT IF PRIYTzDATA 

K E A ~ ( ~ , ~ O O P E N O = ~ O I C O L U M N  
IF (PHI t\lT NE DATA 1 GO TO 22 - __ 
PRINT 2101COLclMh 
CUNTI lUE 

GO THROUGH THE CARD COLUMN UY COLUMN 

DO 70 I=irao 
IC=COLUMN(I)  
IF( IC.EQ.IRLANK)GO TO 70 
IF~ic.EQ.EGUALjGO TO 4 3  
IF( IC.EQ.POINT)GO TO 50 
IF(IC.EQ,COMMA)GO TO 30 

CiO TO 6 0  
I F ~ I C . E Q . P L U 5 ~ O l i ~ I C ~ E Q ~ M I h l U S ~ O R ~ I C ~ E ~ ~ S T A R ~ O H ~ I C ~ F Q ~ S L A S H ) G O  TO 30 

T t i I S  COLUMN I S  At< OPERATOR ( + P - P * P / )  OR A COMMA 

I E ~ = I E Q U A L + ~  

IkOHD=IWOt3D+l 
IPOIrdT=o 
IEQUAL=2 
l O P ( I ~ O H D + 1 ) = I C  
GO TO 70 

GO T0(65,341100,32)rIkQ 

. _. 

T d I S  COLUMN IS A N  EQUAL SIGN 

IF(IEUUAL.GT.O)GO TO 110 

l t d U ~ L = l  
IWORD=l 
GO TO 70 

lF(J(l),EWeO)GO TO 120 

T t i I S  COLUMN I S  A DECIMAL POINT 

T H I S  COLtJMN 1s A NUMBER OR A CHARACTER OF A VARIABLE, 
SQUEEZE OUT BLANKS, EUIJAL SIGNS, DECIMAL POINTS, 



114 
115 
116 
117 
llti 
119 
12u 
121 
122 
123 
124 
125 
126 
127 
12d 
129 
13U 
131 
132 
133 
i 34 
135 
136 
137 
133 
139 
14i) 
141 
142 
1 4 5  
1 4 4  
1 4 5  
1 4 b  
1 4 7  
148 
1 4 9  
1SU 
151 
152 
153 
154 
155 
156 
1 5 7  
158 
159 
l b o  
161 
162 
163 
1 6 4  
165 
166 
167 
16s 
163 
170 

__ - 

C 
C 

b o  

b 2  - 
6 4  

C 
C 
C 

05 

70 
C 
c 
C 

C 
c 
c 

74 
76 

77 

'7 8 
C 
C 
c 

80  

c 
C 
C 

C 
c 
c 

96 

100 
1 0 5  

110 
115 

120 
125 

1 3 0  
135 

140 

A &  OPERATORS 

STORE T H I S  CHARACTER 

PK OC E S S  SAVED WOK d s  

A N  END-OF-FILL HAS 13FEN DETLCTED 

RETURN 7 

A N  ERflOf? HAS BEER DETECTED - P R I N T  ERROR MESSAGE 

PRIIdT 105 
FOHMAT(9 ABOVE L I N E  IGNORED (TdO O P ~ ~ A T O R S  I N  S U C C E S S I 0 Y ) O  
bo l o  1 
PHIFJT 115 
FORMAT ( 9 ABOVE LXlJE IGNORED ( T W O  EQUAL SIGNS) 9 1 
bo T O  1 
PRINT 125 
F O R M A T (  9 /\BOVE LI r \ lE IGIJOKED ( F I R S T  CHAPACTEK I S  aid EQUAL) 1 
GO ro 1 
PRINT 135 
FOHiJlAT ( 9 ABOVE LINE IGNOFED (TWO DECIMALS I N  OrlE IJIIMRER) 9 1 
bo To 1 
t - 'HI iuT 145 



171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 - 
194 
195 
196 
197 
198 
199 - - 

200 
2 U l  
202 
203 
204 
2115- -__ 
206 
207 . 

208 
209 
210 

.. 

._ 

- -2l-l-. _ _  _ _  
212 
213 C 
214 
215 C 
216 

145 

C 
C 
c 
200 
210 

C 
C 
c 
c -  
c 
C 

C 

10 
C 
C 
C 
C 

C- 
C 
C 
20 

3 0  

4u 

HEAD 

FORMAT(* ABOVE L I N E  IGNORED ( F I H S T  &ORD IS A NLIMRER)O 
GO TO 1 

F 0 R M AT S T AT EM EN T S 

INTERNAL SUBROUTINE TYPE - 1DENTIFIES WOQD AS 
A NUMHEH OR VARIABLE AN[:, RETIJRNS VALUE OR VARIARLE 
I i\1 W OHD 

SUdk OU T I NE. T Y PE ( 14 h D 8 I T Y P t  8 J ) 

WURO IS A lJUMBER 

I TYPE=NUMdEH 
RETURlv 

WORD 15 NOT A NUMBER 

HETbRi\l 

END 
-. . -- . -- .. 



HOCKET 

1 
2 
3 
Lt 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
lo 
1 7 
Id 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
53 
34 
5 s  
3b 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
4 -1 
48 
4 Y  
5u 
51 
52 
53 
54 
55 
56 

c 

C 

c 

C 
100 

C 
150 

C 
200 

c 
2 5 U  

c 
300 



57 
SB 
59 
6 0  
61 
62 
6 3  
64 
bS 
66 
67 
68 
03 
70 
71 
72 
7 5  
74 
7 s  
76 
77 
70 
79 
80 
81 
d2 
83 
84 
t55 
db 
8 7 
ad 
83 
30 
91 
'3 2 
93 
9q 
95 
96 
97 
9d  
99 

1 U U  
1 0 1  
1 0 2  
105 
1 0 4  
IUS 
1 0 6  
l d ?  
1 U H  
163 
I 1 U  
111 
112 
113 

c 
C 
C 

so0 

C 
350 

C 
otio 

c 
020 

C 
0 4 0  

c 
UbO 

C 
7 i: o 

CONSUYAbLES USEu LINEARLY CURING dUHN 



114 
115 
116 
117 
ll& 
119 
120 
121 
122 
I 23 
124 
125 
126 
127 
128 
129 
13U 
131 
132 

134 
135 
136 
137 
136 
i 39 
140 
1 4 1  
142 
143 
144 
14:, 
146 
147 
143 
149 
1 5 U  
151 
152 
15.5 
154 
153 
150 
157 
153 
153 
l b u  
161 
162 
163 
164 
165 
16b 
107 
108 
169 
1 7 0  

i z x  
A J J  

710 

C 
750 

760 

C 
ti0 0 

dl0 

c 
050 

dbO 

c 
YUO 

c 
c 
c 

l 0 O U  

l U l U  

ROCKET 

0 L T F1 P = F MP DFMP 
IF(ABS(DLTMP).LT..OO~)GO TO 900 
14 P = M P -D L T PIP 
($0 T O  115d 



H0CKE.T 

171 
1-72 
173 
174 
175 
170 
177 
17d 
179 
180 
181 
Id2 
Id5 
1 U4 
i8S 
It30 
ld7 
i dd 
169 
1911 
131 
192 
19.3 
194 
195 
196 
19/ 
19d 
199 
2 0 0  
201 
202 
LOJ 
2U4 
2u5 
206 
2 U  7 
20u 
20Y 
L l U  
211 
LA2 
215 
214 
i l 5  
L l b  
217 
21d 
21'3 
223 
221 
222 
223 
224 
225 
220 
227 

C 
L 
c 

1 b S U  

1050 . 
C 

A l O i J  

l l l c ,  

A120 

c 
C 





1 
2 
3 

- -4 
5 
6 
7 
e) 
9 
ls!. 
11 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28- 
29 
30 
31 
32 
33 

-34 
35 
36 
37 
38 
39 
.lco 
41 
1)2 
4 3  
44 
45 
-9 6. 
47 
48 
49 
50 
51 
52 
53 
54 
5 5  
56 L 

C 
c 
1;. 

C 
C- 
C 
C 
C 
I;_ 
C 
C 
C 
C 
C 
L. 

C 

c -  
C 
C 
C 

10 

C 
C 
C 

C 
LI 
C 

LO 

c- 
C 
C 
30 

- 40 

C 
* _  

SUDHOUTINE SUMS(SUM,A,N,DONE,ITFLG,tRHTAGIB) 

SUBROUTINE SUMS CHECKS SllM AND THE ARR4Y A I  DIMENSIONED PI. 
I F  SUM AND ALL .THE_IL'S HAVt VALUES, SUMS CHECKS THE VALIDITY 

1s PRINTED AND SUMS RETURNS TO s, I F  SIJM AND THE A * S  APE 
3F THE SUM. I F  A DISCREPANCY IS ENCOUNTERED, AN ERROR MFSSAGE 

CONSISTENT, SUMS RETURNS WITH *nONE*=TRIJE. 

I F  EITHER SUM OR ONLY ONE OF THE A * S  I S  UWKNOWN, SUMS 
CALCULATES THE UNKNQWN VARIABLE AND RETIJRNS TO THE 
CALLING PROGHAM WITH *DONE*=TRUE. 

I F  T r l t i iE  ARE > 1 UNKNOLJNI SUMS RETURNS TO THE CALLING PROGRAM. 

THE L O G I C A L  VARIABLE 'DONE' 1s SET TO TPUE IF A VALID 
s o u n o h i  IS FQW. . 

LOGICAL D u i E  
INTEGER ERRTAG, YES/ *YESt /  
UATA IBLANK/*  * /  
DIMENSION A(N) 

COUNT THE NUMBER OF UNKNOWNS 
(NONE I F  M=l, Ob!E IF M = O ,  >1 I F  M<O) 

L=o 
k = l  

IF(BOOL(A(J)).NE,IBLANK)GO TO 1 0  
L=J 
M=M-1 
CONT I NUE 
IF(BOOL(SUM).EQ.IBLANK)M=M-l 
E L M )  913r I 5Q 

PQ-IO ..1--1~ rd 

ONLY ONE. BLANK---FIND SINGLE UNKNWN 

IF(L.NE.O)GO TO 30 

SUM 1 . 5 - J H E  ONLY UNKNOWN 

SUM=0 . 
EO 20 J=1,N 
SUM=SUM+A L J) 
GO TO 80 

A(L)  IS THE ONLY UNKNOWN 

NO BLANKS---CHECK VALIDITY OF SUM 



SUMS 

57 
58 
S 9  
6 U  
61 
0 2  
bd 
6+ 
65 
60 
67 
6 b  
6 Y  
70 
71 
72 
73 
74 
75 

I 

c 
b b  

OU 

c 
C 
C 

7u 

c 
c 
C 

13 u 
Y U  

D 1 SC HEPA' ICY ENCWEJTE p ED 



I 1 
2 
3 
4 
3 

0 

i 
i3 
9 

10 
li 
12 
13 
14 
15 
1 0  
17 
18 
19 
LU 
21 
LL 
23 
24 
25 
2s 
27 
28 
29 
3c) 
31 
3L 
3.3 
34 
5 s  
30 
37 
st) 
39 
*(I 
41 
42 
43 
44 
45 
46 
4 '7 
48 
49 
53 
51 
52 
53 
54 
55 
50 



TEST 

57 
56 
54, 
bo 
61 
62 
63 
64 
65 
66 
67 
68 
63 
711 
7 1  
72 
73 
74 
75 
7b 
77 
78 
79 
130 
81 
82 
85 
84 
85 
836 
87 
8tJ 
89 
9 0  
91 
92 
93 
94 
95 
90 
97 
98 
9 Y  

100 

C 
c 
c 

LO 

42 
C 
C 
C 

45 

L)7 
C 
C 
C 

50 

60 
70 

90 
c 
C 
c 

60  
l l c l  

1 2 0  

GO TO 10 

TEST SUM ACROSS ROW 

TLST R O C K E T  E N A T I O N  

TcST I U M  DONN COLUMN 

TOTAL INDEPLNDENT VAHIAbLES KNOW14 



APPENDIX D 

DESCRTPTION O F  COMMANDS 
USED D U R I N G  EXECUTION OF M A I N  PROGRAM 

DELTA 

See SENS commands. 

DISCRE(TE) t 

See LINEAR command. 

The END (or  STgP) command terminates execution of 
t h e  program, a f t e r  p r i n t i n g  t h e  message "STgP or  END COMMAND-- 
RUN TERMINATED." I f  a STVP o r  END command i s  no t  used,  t h e  
next  system control  ca rd  (beginning wi th  " @ " )  w i l l  s t o p  
execu t ion  of t h e  program. 

HDG 

The HDG commands a re  used t o  provide informat ion  
about  t h e  heading t o  be p r i n t e d .  The HDG commands do no t  
a f f e c t  t h e  column headings.  

HDG=CENTER o r  
HDG=N@CENT (ER)  

Determines whether t h e  heading w i l l  be  centered. 
For HDG=CENTER, t he  heading w i l l  be centered .  For 
HDG=N@CENT, t h e  heading w i l l  begin i n  t h e  second 
column. I f  no t  s p e c i f i e d ,  CENTER i s  assumed. 

HDG=NUMBER 

S p e c i f i e s  t h e  number of l i n e s  i n  t h e  heading. 
NUMBER may be 1, 2 ,  3 ,  4 ,  o r  5 .  I f  no t  s p e c i f i e d ,  
NUMBER is assumed t o  be 1. 

t Throughout t h i s  memorandum, those  c h a r a c t e r s  enclosed 
i n  pa ren theses  i n  a command may be omit ted.  Thus, t h e  command 
DISCRE(TE) may be used as e i t h e r  DISCRETE o r  DISCRE. 
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HDG 
LINE 1 
LINE 2 

LINE N 

Used t o  i n p u t  the d e s i r e d  heading. The  n e x t  N 
l i n e s  ( N = 1 ,  2 ,  3 ,  4 ,  o r  5 as desc r ibed  under 
HDG=N) a f t e r  t h e  HDG ca rd  w i l l  be  r ead  i n  a s  t h e  
N l i n e s  of t h e  heading. T h i s  heading w i l l  be 
saved u n t i l  a new heading i s  provided. I f  N 
i s  subsequent ly  changed, t h e  heading d a t a  a l r eady  
saved is  n o t  d e l e t e d ,  b u t  the  number of l i n e s  
p r i n t e d  w i l l  be determined by the  new N. 

ITERAT 

The ITERAT command is  used t o  i n h i b i t  t h e  use of 
s u b r o u t i n e  ITERAT. T h i s  command al lows t h e  u s e r  t o  prec lude  
t h e  p o s s i b i l i t y  of an unusual ly  long  run t i m e  which might 
r e s u l t  from some cases  t h a t  r equ i r e  a t t empt s  t o  i t e r a t e  w i t h  
many d i f f e r e n t  combinations of known and unknown e l e m e n t s  of 
the mat r ix .  

ITERAT=YES o r  
ITERAT=NP 

For ITERAT=YES i t e r a t i o n  i s  permi t ted .  For ITERAT= 
Ng i t e r a t i o n  i s  not pe rmi t t ed .  I f  n o t  s p e c i f i e d ,  
YES i s  assumed. 

LAST 

The LAST command t e l l s  t h e  program t o  resume computa- 
t i o n s  t o  e v a l u a t e  the  unknowns i n  t h e  ma t r ix ,  i n  accordance 
w i t h  p rev ious ly  provided d a t a  and/or commands. A f t e r  the  
r e s u l t s  a r e  p r i n t e d ,  t h e  i n i t i a l  cond i t ions  j u s t  p r i o r  t o  
r e c e i p t  of t h e  LAST command a r e  r e s t o r e d  and the  program i s  
ready t o  accep t  new d a t a  and/or commands. 

LINEAR 
r 

The LINEAR command, when used af ter  an even t  i s  s p e c i f i e d ,  
causes  t h e  c a l c u l a t i o n s  t o  b e  based on t h e  assumption t h a t  any 
weight  change p r i o r  t o  t h e  next  even t  (excluding t h e  p r o p e l l a n t  
r e q u i r e d )  occurs  l i n e a r l y  during t h e  burn. The DISCRE(TE) command 
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causes  t h e  c a l c u l a t i o n s  t o  be based on t h e  assumption t h a t  
t h i s  weight  change occurs  d i s c r e t e l y  a f t e r  t h e  burn. These 
d e s i g n a t i o n s  remain i n  e f f e c t  u n t i l  changed by a new LINEAR 
o r  DISCRE command. When r e s u l t s  a r e  p r i n t e d ,  t h e  word LINEAR 
or t h e  le t ter  L is used t o  i n d i c a t e  t h a t  t h e  weight  change 
f o r  t h i s  burn was t r e a t e d  l i n e a r l y .  
i f  t h e  weight  change was t r e a t e d  d i s c r e t e l y .  I f  n e i t h e r  of 
these commands i s  used during execut ion  of t h e  program, the 
t ype  of burn s p e c i f i e d  when t h e  program was precompiled i s  
assumed. 

No such word i s  p r i n t e d  

P R I N T  

The P R I N T  commands a r e  used t o  c o n t r o l  t h e  d a t a  t h a t  
are p r i n t e d  and t h e  format i n  which t h e  d a t a  a r e  p r i n t e d .  

PRINT=C~LUMN (s) +aLLXl+C2.. .o r  
PRINT=EVENTS +ALL ?El ?E2 

S p e c i f i e s  t h e  columns (or  e v e n t s )  t o  be used o r  
omi t ted  when the  ou tpu t  d a t a  a r e  p r i n t e d .  A " + l r  

means t h e  column ( o r  even t )  i s  t o  be used,  and a 

''?ALL1' means a l l  of t h e  columns (or e v e n t s )  a r e  
t o  be used o r  omitted.  I f  one o r  more columns 
(o r  e v e n t s )  a r e  omi t t ed ,  t h e  remaining columns 
(o r  e v e n t s )  a r e  "squeezed" i n  t o  f i l l  up t h e  
vacant  spaces .  

means t h e  column (or  even t )  i s  t o  be omit ted.  

PRINT=DATA or  
PRINT=N@DATA 

Determines  whether t h e  i n p u t  d a t a  (card  images o r  
l i n e s  typed i n  a t  a t e rmina l )  w i l l  be p r i n t e d .  
For PRINT=DATA, a l l  i n p u t  d a t a  w i l l  be p r i n t e d .  
For PRINT=N@DATA, t h e  i n p u t  data w i l l  n o t  be 
p r i n t e d .  The l a t t e r  o p t i o n  a l lows  one t o  avoid 
w a i t i n g  f o r  a lengthy s t ream of d a t a  t o  be p r i n t e d  
when us ing  t h e  ADD s ta tement  from a t e rmina l .  I f  
n o t  s p e c i f i e d ,  DATA i s  assumed. 

PRINT=DELTA o r  
PRINT=NgDELT (A) 

Determines whether t h e  rows of t h e  ou tpu t  ma t r ix  
r e p r e s e n t i n g  t h e  weight changes between two events  
w i l l  be p r i n t e d .  For PRINT=DELTA, t h e s e  rows w i l l  
be p r i n t e d .  For PRINT=NPDELT, they  w i l l  n o t  be 
p r i n t e d .  I f  not s p e c i f i e d ,  DELTA is  assumed. 
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P R I N T = G ~ ~ F  o r  
P RINT=N@GP@F 

I f  t h e  given d a t a  a re  i n c o n s i s t e n t ,  an error message 
w i t h  a summary of p e r t i n e n t  d a t a  i s  p r i n t e d .  However, 
t h i s  summary i s  sometimes no t  s u f f i c i e n t  t o  determine 
t h e  changes necessary.  'For PRINT=Gg@P, t h e  ma t r ix ,  
as c a l c u l a t e d  up t o  t h e  p o i n t  of t h e  incons i s t ency ,  
w i l l  be  p r i n t e d .  For PRINT=NVG@pF, t h e  matr ix  w i l l  
n o t  be p r i n t e d .  I f  n o t  s p e c i f i e d ,  NpIG@@F i s  assumed. 

PRINT=HDG or  
PRINT=N@HDG 

Determines whether t h e  heading (which must be spec i -  
f i e d  by t h e  u s e r  - see HDG command) w i l l  be p r i n t e d .  
For PRI?.?.T=HDG, the heading w i l l  be p r i n t e d .  For 
PRINT=N@HDG, t h e  heading w i l l  n o t  be p r i n t e d ,  Heading 
d a t a  p rev ious ly  s p e c i f i e d  by HDG commands w i l l  n o t  be 
des t royed  by a PRINT=NgHDG command. I f  n o t  s p e c i f i e d ,  
NgHDG i s  assumed. 

PRINT=ITERAT (E)  o r  
PRINT=NOITER(ATE) 

Used as a debugging t o o l .  For PRINT=ITERAT, t h e  symbol 
II * 11 w i l l  be p r i n t e d  a t  t h e  beginning of t h e  column 
headings l i n e  i f  subrout ine  ITERAT w a s  c a l l e d  du r ing  
t h e  calculation. For PRINT=NgITER, t h e  "* "  w i l l  n o t  
be p r i n t e d .  This command i s  n o t  e f f e c t i v e  when t h e  
t a b u l a r  format is used. I f  n o t  s p e c i f i e d ,  N ~ I T E R  i s  
i s  assumed. 

PRINT=LABELS or  
PRINT=N@LABE (LS) 

Determines whether complete o r  abbrev ia t ed  column and 
even t  l a b e l s  w i l l  be p r i n t e d .  For PRINT=LABELS, t h e  
complete l a b e l s  w i l l  be  p r i n t e d .  For PRINT=N@LABE, 
the abbrevia ted  l a b e l s  w i l l  be p r i n t e d .  Two of  t h e  
advantages of using PRTNT=N@LaBE are t h a t  less t i m e  
i s  t aken  t o  p r i n t  t h e  r e s u l t s ,  and the  abbrevia ted  
l a b e l s  are i d e n t i c a l  t o  t h e  column and event  names 
used t o  i n p u t  new data .  When us ing  a remote t e r m i n a l ,  
t h e  number of columns t o  be p r i n t e d  should be l i m i t e d  
t o  f i v e  i f  PRINT=LABELS o r  seven i f  PRTNT=NpLABE. I f  
n o t  s p e c i f i e d ,  NgLAEiE i s  assumed. 
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PRINT=STATUS ,ALL 

Causes the c u r r e n t  s t a t u s  of a l l  elements i n  t h e  
mat r ix  t o  be  p r i n t e d .  

PRINT=STATUS ,PART 

Causes the cur ren t  s t a t u s  of a l l  e l emen t s  i n  an 
abbrev ia t ed  form of the  matrix t o  be p r i n t e d .  The 
columns and events included i n  t h i s  abbrevia ted  
matr ix  are determined by PRINT=EVENTS and PRINT= 
CgLUMN commands descr ibed  elsewhere.  

PRINT=STATUS,Cl/El,C2/E2 .... 
Causes t h e  current  s t a t u s  of t h e  s p e c i f i e d  elements 
(column C 1  a t  even t  E l ,  column C2 a t  event  E 2 ,  etc.)  
t o  be p r i n t e d .  I f  the  name of t h e  s p e c i f i e d  column 
i s  preceded by "E" [ fo r  de:ta), t h e  e lemen t  rPnrP- -c- - 
s e n t i n g  t h e  change between t h e  s p e c i f i e d  event  and 
t h e  succeeding event w i l l  be p r i n t e d .  

PRINT=TABLE o r  
PRINT=f@TABL (E) 

Determines whether da t a  w i l l  be p r i n t e d  i n  t h e  normal 
format o r  i n  a t a b u l a r  form. The elements inc luded  
i n  t h e  t a b l e  a r e  determined by another  form of t h e  
PRINT=TABLE command descr ibed  below. For PRINT=TABLE , 
t h e  t a b u l a r  form w i l l  be p r i n t e d .  For PRINT=N@TABL, 
t h e  normal format w i l l  be used. The former op t ion  i s  
convenient  when using t h e  STEP command. I f  n o t  spec i -  
f i e d ,  NgTABL i s  assumed. 

PRINT=TABLE, N l / C l / E l  ,N2/C2/E2 . . . 
S p e c i f i e s  t h e  e l e m e n t s  t h a t  comprise t h e  columns t o  
be  p r i n t e d  when PRINT=TABLE. Column C 1  a t  even t  E l  
w i l l  be  p r i n t e d  i n  column N 1 ,  column C 2  a t  even t  E2 
w i l l  be  p r i n t e d  i n  column N 2 ,  e tc.  Up t o  1 0  columns 
may be s p e c i f i e d ,  i n  any o r d e r .  (Only 7 columns 
should be  used when o p e r a t i n g  from a remote t e rmina l . )  
I f  NX/CX/EX i s  replaced by NX/DELETE, column NX w i l l  
n o t  be p r i n t e d .  The element t o  be used f o r  a g iven  
column of t h e  t a b l e  may be changed wi th  a new NX/CX/DX 
e n t r y .  (It is  n o t  necessary t o  d e l e t e  t h e  column 
be fo re  r e s p e c i f y i n g  it.) I f  t h e  name of a s p e c i f i e d  
column i s  preceded by "D" ( f o r  d e l t a ) ,  t h e  element 
r e p r e s e n t i n g  the  change between t h e  s p e c i f i e d  event  
and t h e  succeeding event  w i l l  be p r i n t e d .  
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t f  

RESTAR (TI 

The RESTARtT) command resets a l l  e lements  of t h e  
ma t r ix  t o  the va lues  i n i t i a l l y  b u i l t  i n t o  the program dur ing  
precompilat ion.  
of burns ( l i n e a r  o r  d i s c r e t e )  a r e  a f f e c t e d ;  o t h e r  d a t a  and/or 
commands a r e  n o t  changed ( i .e. ,  d a t a  provided by HDG,  STEP, 
P R I N T ,  etc. are u n a f f e c t e d ) .  

Only the elements of the matrix and the types  

SENS 

The SENS commands a r e  used t o  c a l c u l a t e  t h e  s e n s i -  
t i v i t y  of each element  i n  t h e  mat r ix  t o  v a r i a t i o n s  of a s i n g l e  
s p e c i f i e d  e l e m e n t ,  r e f e r r e d  t o  a s  t h e  p e r t u r b i n g  e l emen t  o r  
v a r i a b l e .  
c u l a t e s  t h e  unknown e l emen t s  of the ma t r ix  i n  t h e  normal manner. 
T h e  element t h a t  was des igna ted  as t h e  p e r t u r b i n g  e l emen t  i s  

the  ma t r ix  is  re -eva lua ted .  T h e  d i f f e r e n c e  between these two 
m a t r i c e s  i s  then  c a l c u l a t e d ,  and t h e  r e s u l t i n g  mat r ix  i s  nor- 
malized by d i v i d i n g  a l l  elements by t h e  change t o  t h e  pe r tu rb ing  
element.  The r e s u l t  i s  a set of s e n s i t i v i t i e s ,  o r  p a r t i a l  
d e r i v a t i v e s ,  of each element  with r e s p e c t  t o  the p e r t u r b i n g  
v a r i a b l e .  

When t h e  SENS mode is  used ,  the program f i r s t  c a l -  

then changed by the ~ r r i ~ ~ i ; t  spec i f ied  in 3 SEMS CC)FFEEI~?, and 

The  DELTA commands a r e  used e x a c t l y  l i k e  t h e  SENS 
commands. The only d i f f e r e n c e  is  t h a t  t h e  r e s u l t s  are n o t  
normalized. To use t h e m  s imply  r e p l a c e  SENS w i t h  DELTA i n  t h e  
s t a t emen t s  desc r ibed  below. 

The element des igna ted  a s  the  p e r t u r b i n g  v a r i a b l e  must  
n o t  be an unknown. It is  no t  adv i sab le  t o  run the program ( i . e . ,  
t o  use  a LAST card) w i t h  SENS=YES u n t i l  a f t e r  a p e r t u r b i n g  ele- 
ment has been des igna ted .  When t h e  r e s u l t s  a r e  p r i n t e d  i n  the 
normal format ,  an a p p r o p r i a t e  heading is  a u t o m a t i c a l l y  provided,  
i n d i c a t i n g  the p e r t u r b i n g  v a r i a b l e  and t h e  amount by which i t  
was per turbed .  

The  same s t o r a g e  loca t ions  a r e  used f o r  i d e n t i f y i n g  
t h e  p e r t u r b i n g  v a r i a b l e  f o r  both t h e  SENS and t h e  DELTA commands. 
Therefore ,  once a p e r t u r b i n g  v a r i a b l e  and the amount of t he  per-  
t u r b a t i o n  are i d e n t i f i e d  f o r  one of t h e s e  commands, it w i l l  be 
maintained ( u n t i l  changed) f o r  u s e  by e i t h e r  of t h e  two commands. 

SENS=YES o r  
SENS=P$I 

De te rmines  whether t h e  program w i l l  be run i n  t h e  
SENS mode. SENS=YES p l a c e s  t h e  program i n  t h e  SENS 
mode, and SENS=N$I removes it from t h e  SENS mode. 
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T h e  s e n s i t i v i t y  matrix i s  n o t  c a l c u l a t e d  u n t i l  a 
LAST command i s  rece ived .  
n o t  d e s t r o y  a prev ious ly  des igna ted  p e r t u r b i n g  
variable.  I f  n o t  s p e c i f i e d ,  N g  i s  assumed. 

A SENS=NJb command does 

SENS=C/E+A *PERCEN 

S p e c i f i e s  the pe r tu rb ing  v a r i a b l e  and the amount of 
t h e  pe r tu rba t ion .  T h e  pe r tu rb ing  v a r i a b l e  i s  t h e  
element de f ined  by column C ,  event  E.  A column 
name preceded by "D" ( for  d e l t a )  s p e c i f i e s  t h e  change 
between t h e  specified event  and the  succeeding event .  
A s p e c i f i e s  t h e  magnitude of t h e  p e r t u r b a t i o n .  I f  
"*PERCEN" i s  p resen t ,  the p e r t u r b a t i o n  w i l l  be + A %  
of t h e  p e r t u r b i n g  v a r i a b l e .  I f  "*PERCEN" i s  n o t  
p r e s e n t ,  the p e r t u r b a t i o n  w i l l  be + A .  I f  "'A*PERCEN" 
i s  n o t  p r e s e n t ,  a p e r t u r b a t i o n  of +1% i s  assumed. 
The d a t a  contained i n  t h i s  command w i l l  remain i n  
effect  u n t i l  changed by another  SENS command. 

STEP - 
T h e  STEP commands a r e  used t o  s o l v e  the m a t r i x  a number 

of  t i m e s  (N) i n  success ion ,  w i t h  a des igna ted  v a r i a b l e  being i n -  
cremented by a s p e c i f i e d  cons t an t  each t i m e .  T h e  sequence i s  
i n i t i a t e d  by a s i n g l e  LAST command. 
i s  used,  t h e  e n t i r e  (.or abbrevia ted)  mat r ix  w i l l  be p r i n t e d  N 
times. I f  t he  t a b u l a r  format i s  used,  t h e  heading and column 
headings w i l l  be p r i n t e d  only once,  and N l i n e s  of data  w i l l  be  
p r i n t e d .  The element des igna ted  as t h e  p e r t u r b i n g  v a r i a b l e  must 
n o t  be an unknown. I t  i s  not  adv i sab le  t o  run t h e  program (i .e. ,  
t o  use  a LAST ca rd )  w i th  STEP=YES u n t i l  a f t e r  a p e r t u r b i n g  element 
has been des igna ted .  

I f  t h e  normal p r i n t i n g  format 

.STEP=YES or  
S T E P = N ~  

Determines whether the program w i l l  be run  i n  the STEP 
mode. STEP=YES p laces  t h e  program i n  the  STEP mode, 
and STEP=N@ removes it from t h e  STEP mode. A STEP=N@ 
command does n o t  des t roy  a previous d e s i g n a t i o n  of  a 
s t e p p i n g  v a r i a b l e .  I f  n o t  s p e c i f i e d ,  N$I is  assumed. 

STEP=C/E/N'A*PERCEN 

S p e c i f i e s  t h e  v a r i a b l e  t o  be incremented, t h e  number 
of  increments ,  and t h e  s i z e  of the  increment.  T h e  
variable t o  be  incremented i s  de f ined  by column C ,  
e v e n t  E. A column name preceded by "D" ( f o r  de l t a )  
s p e c i f i e s  t h e  change between t h e  s p e c i f i e d  event  and 
t h e  succeeding event. N s p e c i f i e s  t h e  number of i n -  
crements ( inc luding  t h e  f i r s t  c a l c u l a t i o n ,  w i t h  an 
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increment of z e r o ) .  A s p e c i f i e s  t he  magnitude of 
the increment.  I f  "*PERCEN" i s  p r e s e n t ,  t h e  i n -  
crement w i l l  be * A %  of t h e  v a r i a b l e  t o  be stepped. 
I f  "*PERCEN" i s  no t  p r e s e n t ,  t h e  increment w i l l  be 
* A .  I f  "*A*PERCEN" i s  n o t  p r e s e n t ,  an increment 
of +1% i s  assumed. I f  "/N*A*PERCEN" is n o t  p r e s e n t ,  
5 increments of 
i n  t h i s  command 
by another  STEP 

1% are assumed. T h e  data  contained 
w i l l  remain i n  effect  u n t i l  changed 
command. 

The SWP (or  END) command t e rmina te s  execut ion  of the 
program, a f t e r  p r i n t i n g  t h e  message "ST@P o r  END COMMAND---RUN 
TERMINATED." I f  a STgP o r  END command i s  n o t  used ,  t h e  nex t  
system c o n t r o l  card  (beginning w i t h  "@'') w i l l  s t o p  execut ion  
of t h e  program. 



APPENDIX E 

SUMMARY OF COMMANDS AND DATA CARDS 

I. PRECOMPILATION 

A. Column Spec i f ica t ion  C a r d s  
(The k o r m s  shown i n  each group are e q u i v a l e n t )  

CNAME*ONE/TWO/THREE/* 
CNAME*ONE/TWO/THREE* 

CNAME*ONE/TWO// * 
CNAME*ONE/TWO* 
CNAME*ONE/TWO/* 

CNAME *ONE/// * 
CNAME *ONE//* 
CNAME*ONE/* 
CN- *ONE * 
CNAME*/TWO//* 
CNAME */TWO/ * 
CNAME*/TWO* 

CNAME*//THREE/* 
CNAME * / / T H m E  * 
CNAME */// * 
CNAME * * 
CNAME 

B.  Event Specif icat ion C a r d s  

EVENT ENAME*HEADING*CNAME 

EVENT ENAME*HEADING* 

EVENT ENAME** 
EVENT ENAME 

C. I npu t  D a t a  C a r d s  

NAME=NUMBER 

NAME 
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D. O t h e r  C a r d s  

DELETE 

D I S C R E  ( T E )  

END 

L A S T  

L I N E A R  

ST@P 

*SUBHEADING* 

11. EXECUTION O F  MAIN PROGRAM 

A.  Event S p e c i f i c a t i o n  C a r d s  

ENAME 

B. Inpu t  D a t a  C a r d s  

NAME=NUMBER 

NAME=@LD 

NAME=NAME op NUMBER op NUMBER .... 
NAME 

C. C o m m a n d s  

G e n e r a l  Form 

DELTA=YES 

DELTA=N@ 

DELTA=C@LUMN/EVENT * A*PERCEN 

D I S C R E  ( T E )  

END 

HDG=CEN T E R  

HDG=NgCENT ( E R )  

HDG=NUMBER 

HDG 
L I N E  1 
L I N E  2 

L I N E  N 

Abbreviated Form 

D=Y 

D=N 

D=C@LUMN/EVENT * A * %  
--- 
E 

H=C 
H=NC 

H=NUMBER 

H 
L I N E  1 
L I N E  2 

L I N E  id , 



- E3 - 

General Form 
~ 

ITERAT=YES 

I TE RAT=N@ 

LAST 

LINEAR 

PRINT=C@LUMN(S) *ALL*CliC2. .  . 
PRINT=EVENTS*ALL*Eli:E2.. . 
PRINT=DATA 

P RINT=N@DATA 

PRINT=DELTA 

PRINT=N@DELT (A) 

PRINT=G@@F 
pRINT=p@G@@F 

PRINT=HDG 

PRINT=N@HDG 

PRINT=ITERAT(E) 

PRINT=N@ITER (ATE) 

PRINT=LABELS 

PRINT=N@LABE (LS) 

PRINT=STATUS ,ALL 

PRINT=STATUS,PART 

PRINT=STATUS , C l / E l ,  C2/E2. . . 
P RINT=TABLE 

PRINT= NQlTABL (E)  

PRINT=TABLE,Nl/Cl/El,N2/C2/E2 ... 
PRINT=TABLE ,Nl/DELETE.. . 
RESTAR(T) 

SENS=YES 

SENS=N@ 

SENS=C@LUMN/EVENT*A*PERCEN 
STEP=YES 

STEP=NP 

STEP=C@LUMN/EVENT/N' A*PERCEN 

swp 

Abbreviated Form 

I = Y  

I =N 

L 

P=C*A*Cl*C2.. .  

P=E*A*El&E2. . .  

P=D 

P=ND 

P=DL 

P=NDL 

P=G 
n - n i r  r - i y u  

P=H 

P=NH 

P = I  

P=NI 

P=L 

P=NL 

P=S ,A 

P=S,P  

P = S , C l / E l , C 2 / E 2 . .  . 
P=T 

P=NT 

P=T,Nl/Cl/El ,N2/C2/E2. .  

P=T,Nl/D. .  . 
R 

S = Y  

S = N  

S=C@LUMN/EVENT* A * % 

ST=Y 

ST=N 

ST=C~LUMN/EVENT/N*A*% 
--- 


